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20.  Abstract 

Pursuant  to  Public  Law  92V-367,  Phase  I Inspection  Reports  are,  prepared 
under?  guidance  Contained  ip  the  recommended  guidelines  for  satfety 
inspection1  of  dfims,  published  by  the  Office  of  Chief  of  Engineers, 
Washingtori,  D.  C.  2031^.  The  purpose  of  a Phase  I investigation  is 
to  identify  expeditiously  those  dams  which  may  pose  hazards  to  human 
life  or  property.  The  assessment  of  the  general  conditions  of  the  dam 
is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation  and  analyses  involving  topographic  mapping,  subsurface 
investigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a Phase  I investigation;  however,  the 
investigation  is  intended  to  identify  any  need  for  such  studies. 

Based  upon  the  field  conditions  at  the  time  of  the  field  inspection 
and  all  available  engineering  data,  the  Phase  I report  addresses  the 
hydraulic,  hydrologic,  geologic,  geotechnic,  and  structural  aspects  of 
the  dam.  The  engineering  techniques  employed  give  a reasonably 
accurate  assessment  of  the  conditions  of  the  dam.  It  should  be 
realized  that  certain  engineering  aspects  cannot  be  fully  analyzed 
during  a Phase  I inspection.  Assessment  and  remedial  measures  in  the 
report  include  the  requirements  of  additional  indepth  study  when 
necessary. 

Phase  I reports  include  project  information  of  the  dam  and 
appurtenances,  all  existing  engineering  data,  operational  procedures, 
hydraulic/hydrologic  data  of  the  watershed,  dam  stability,  visual 
inspection  report  and  an  assessment  including  required  remedial 
measures. 
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PHASE  I REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


Name  of  Dam:  Talbott  Dam 

State:  Virginia 

County:  Patrick 

Coordinates:  3640.6  8023.8 

Stream:  Dan  River 

Date  of  Inspection:  27  July  1978 

Talbott  Dam  is  an  unreinforced  concrete  arch  dam,  143.5  feet  high, 
and  510  feet  long  at  the  crest,  sited  in  a deep  gorge  at  the  head 
waters  of  the  Dan  River.  Design  calculations  are  not  available. 
Searches  by  both  the  designer  and  the  owner  were  unsuccessful  in 
locating  any  design  calculations.  The  Geology  report  and  construction 
drawings  indicating  concrete  strength  and  foundation  grouting  programs 
were  reviewed  and  found  to  be  adequate. 

The  dam  is  in  good  condition.  Seepage  has  occurred  through  an 
estimated  30  to  40Z  of  all  construction  and  monolith  joints  leaving 
calcium  deposits  on  the  face  at  the  dam.  A 1/2-inch  horizontal  crack, 
30  feet  long  and  4 lifts  from  the  top  of  the  dam  was  found  starting  at 
the  contact  between  the  left  abutment  and  downstream  face  of  the  dam. 
Seepage  through  the  crack  was  estimated  to  be  1 gallon  per  minute.. 
Based  on  visual  observation,  the  crack  does  not  warrant  serious 
concern  at  this  time,  however,  further  investigation  is  required. 

Seepage  was  observed  on  the  left  abutment  in  several  areas  and  the 
largest  seep  was  located  approximately  50  feet  below  the  top  of  the 
dam  and  150  feet  downstream.  The  seepage  on  the  left  abutment  is  not 
a problem  at  this  time,  however,  volume  of  water  should  be  monitored. 
(See  Section  7). 

The  probable  maximum  flood  would  overtop  the  dam  (top  of  parapet 
wall)  by  6.4  feet,  reaching  elevation  2549.9  with  flashboards 
removed.  The  design  drawings  indicate  a flood  level  of  elevation 
2538,  a difference  of  11.9  feet.  This  is  cause  for  concern  since  no 
structural  analysis  is  available.  Analysis  of  dam  stability  for  this 
dam  is  beyond  the  scope  of  a Phase  I report. 

With  the  flashboards  removed  the  spillway  passes  only  35Z  of  the 
PMF.  Since  the  spillway  passes  less  than  PMF  and  the  stability  is 
unknown,  the  spillway  is  considered  seriously  inadequate.  If 
structural  analysis  proves  that  the  dam  is  stable  under  critical 
loading  conditions,  the  spillway  may  be  considered  merely  inadequate 
in  lieu  of  seriously  inadequate. 
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A dan  with  a seriously  inadequate  spillway  is  considered  to  be 
unsafe.  Considering  Talbott  Dam  to  be  unsafe  for  overtopping 
conditions  is  a conservative  assumption  since  essentially  the 
stability  of  the  dam  is  unknown.  However,  this  approach  is  consistent 
with  good  engineering  Judgement  since  the  lives  of  many  people  are 
affected.  This  should  be  considered  an  interim  status  until  the 
stability  of  the  dam  can  be  determined  by  structural  analysis. 

It  is  recomnended  that  the  owner,  at  his  expense,  take  the 
following  action: 

a.  Establish  an  effective  warning  system  to  provide  evacuation  of 
the  downstream  flood  plain  (downstream  of  Townes  Dam)  if  necessary. 

The  warning  system  should  be  operable  until  it  can  be  shown  by 
analysis  that  Talbott  Dam  is  stable  with  appropriate  safety  factors 
included  under  critical  loading  conditions.  It  must  be  considered 
that  Talbott  Dam  is  threatened  whenever  the  reservoir  level  exceed 
2538 » until  analysis  shows  otherwise. 

b.  Engage  the  services  of  a Professional  Engineer  to  perform  a 
structural  stability  analysis  under  all  loading  conditions.  The  1/2" 
crack  at  the  left  abutment  should  be  evaluated  when  the  structural 
investigation  is  accomplished.  Structural  analysis  should  be 
completed  within  6 months. 

c.  Engage  the  services  of  a professional  consultant  to  complete  a 
report  of  remedial  mitigating  measures  which  will  correct  the 
seriously  inadequate  spillway  and  have  an  agreement  with  the 
Connonwealth  of  Virginia  to  a reasonable  time  frame  in  which  all 
remedial  measures  will  be  complete.  This  work  shall  be  completed 
within  six  months  from  the  date  of  notification  to  the  Governor. 

d.  In  addition  the  following  recommendations  described  in  Section 
7 should  be  performed:  (1)  remove  flashboards,  (2)  inspect  stop 
gates,  (3)  inspect  siltation,  (4)  verify  maintenance  of  mechanical 
equipment,  (5)  relocate  transf ormers , fuse  cutouts  and  surge 
arrestors,  (6)  repair  transformer  oil  leakage,  (7)  install  emergency 
lighting,  (8)  Inspect  left  abutment,  (9)  monitor  seepage. 


Submitted  By: 

Original  signed  by; 

JAMES  A.  WALSH 

JAMES  A.  WALSH,  P.  E. 
Chief,  Design  Branch 


Approved:  Original  signed  by,:, 

Douglas  L„  Hal lea  j 

DOUGLAS  L.  HALLER 
Colonel,  Corps  of  Engineers 
District  Engineer 


Recommended  By: 

Original  signed  by 
ZANE  M.  GOODWIN 

ZANE  M.  GOODWIN,  P.  E. 

Chief,  Engineering  Division 
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TALBOTT  DAM 
(PHOTO  PRIOR  TO  1940) 


TALBOTT  DAM 


SECTION  1 - PROJECT  INFORMATION 


1.1  General 


•1.1.1  Authority;  Public  Law  92-367,  8 Aug  72  authorized  the 
Secretary  of  the  Any,  through  the  Corps  of  Engineers,  to  initiate  a 
national  program  of  safety  inspections  of  dams  throughout  the  United 
States.  The  Norfolk  District  has  been  assigned  the  responsibility  of 
supervising  the  inspection  of  dams  in  the  Commonwealth  of  Virginia. 

1.1.2  Purpose  of  Inspection:  The  purpose  of  the  Phase  I 
inspections  is  to  identify  expeditiously  those  dams  which  may  be  a 
potential  hazard  to  human  life  or  property. 

1.2  Project  Description: 

1.2.1  Dam  and  Appurtenances:  Talbott  Dam  is  an  unreinforced,  280 
feet  radius  concrete  arch,  143.5  feet  high  at  the  spillway  section, 
and  510  feet  long  at  the  crest  of  the  dam.  The  top  of  the  dam 
consists  of  a walkway  at  elevation  2540  MSL  with  3.5  feet  parapet 
walls  which  extend  the  top  of  the  dam  to  elevation  2543.5.  The 
walkway  passes  over  an  ungated  spillway  80  feet  wide  with  a crest  of 
2532  MSL,  located  approximately  in  the  center  of  the  dam.  The 
spillway  passes  excess  flows  during  periods  of  high  streamflow. 
Flashboards  raise  the  maximum  storage  pool  three  feet  to  elevation 
2535.  Water  passing  over  the  spillway  strikes  the  downstream  face  of 
the  dam  and  washes  into  the  stilling  basin  which  has  an  apron 
elevation  of  2409.  Symmetrically  placed  wingwalls  direct  flows  into  a 
40  foot  wide  stream  bed. 

The  intake  for  controlled  discharge  into  the  stilling  basin  is  located 
239  feet  from  the  right  abutment.  Water  flows  from  the  reservoir 
through  a 36-inch  diameter  steel  conduit  that  discharges  into  the 
stilling  basin  of  the  dam.  The  conduit  intake  at  the  dam  includes  a 
fixed  type  trash  rack  and  guide  slot  for  an  intake  stop  gate.  The 
stop  gate  can  be  raised  or  lowered  by  means  of  a manually  operated 
winch.  Tandem-arranged  butterfly  valves  to  control  the  flow  to  the 
stilling  basin  are  located  in  the  conduit,  near  the  downstream  face  of 
the  dam.  The  conduit  is  also  provided  with  two  6-inch  valved  by 
passes  and  a 6-inch  valved  drain. 

The  centerline  of  the  conduit  inlet  is  at  elevation  2413  MSL  The 
conduit  is  6 feet  in  diameter  at  its  intake  in  the  dam  and,  in  a 
conical  transition,  is  reduced  in  size  to  that  of  a 3-foot  diameter 
pipe.  It  is  this  steel  pipeline  that  incorporates  the  flow  control 
valves,  and  their  valved  bypasses.  The  line  is  extended  to  the 
underside  of  the  stilling  basin  where  it  is  connected  to  a 20-foot 
diameter  discharge  ring  which  is  made  of  24-inch  diameter  cast  iron 


4 


I 


pipe.  The  ring  includes  twenty-six  equally  spaced  5 1 /8-inch  diameter 
vertical  nozzles  which  penetrate  the  stilling  basin  concrete  apron,  at 
elevation  2409  forming  a fountain  type  energy  dissipator. 

The  main  flow  control  valves  for  the  conduit  consist  of 
tandem-arranged  36-inch  diameter  butterfly  valves  (Chapman-Crane). 

The  service  (downstream)  valve  is  equipped  with  a motorized  geared 
drive  operator  which  is  locally  operated  from  controls  within  the 
valve  house.  Remote  operation  from  the  power  plant  is  no  longer 
available  due  to  failure  of  the  control  cable.  In  the  event  of  an 
electrical  malfunction,  this  valve  can  be  operated  manually.  The 
emergency  valve  is  similar  to  the  service  valve  with  the  exception 
that  it  must  be  manually  operated.  The  emergency  valve  is  normally 
fully  open.  The  service  valve  is  normally  closed,  and  is  opened  only 
when  replenishment  of  the  Townes  Dam  reservoir  is  required.  Both 
Talbott  and  Townes  Dams  are  part  of  the  Pinnacles  Hydo-Electric 
Project.  Talbott  Dam  provides  most  of  the  storage  for  the  project 
tfiile  the  pipeline  to  the  hydro  station  begins  at  Townes  Dam. 

Duplicate  6-inch  bypasses,  complete  with  tandem-arranged  normally  open 
gate  valves,  are  provided  to  achieve  limited  flow,  tfiile  either  or 
both  36-inch  valves  are  closed. 

In  addition  to  the  bypasses,  there  is  provided  upstream  from  the 
36-inch  emergency  valve,  a single  6-inch  line,  with  a normally  closed 
gate  valve,  that  discharges  directly  into  the  stilling  basin.  This 
line  is  evidently  provided  in  the  event  that  limited  flow  to  the 
stilling  basin  may  be  required  while  the  valves  in  the  36-inch  line 
and  in  its  6-inch  bypasses  are  closed  for  maintenance  purposes. 

The  stop  gate  for  the  intake  serves  to  close  the  intake  entrance  when 
major  maintenance  is  required  on  the  36-inch  butterfly  valves,  the 
6-inch  bypass  valves,  and  the  6-inch  drain  valve.  The  gate  is 
permanently  suspended  by  means  of  stainless  steel  wire  rope  from  a 
crank-operated,  base-mounted,  geared -drum,  winch  unit.  The  winch  is 
mounted  on  structural  steel  supports  located  just  above  the  top  of  the 
dam  walkway.  The  supports  project  beyond  and  are  mounted  in  bracket 
fashion  on  the  upstream  face  of  the  dam.  The  housing  for  the  winch 
unit  is  of  the  open-sided  roofed  type. 

An  examination  of  the  contract  drawings  did  not  reveal  any  details  of 
the  gate,  but  it  is  speculated  that  it  is  a conventional  type 
fabricated  of  structural  steel  shapes  and  plate  with  rubber  seals. 
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1.2.2  Location:  Talbott  Dam  is  located  on  the  headwaters  of  the 
Dan  River  4 miles  south  of  the  meadows  of  Dan  where  D.S.  58  crosses 
the  Blue  ridge  parkway  in  southwestern  Virginia. 

1.2.3  Size  Classification:  The  dam  is  classified  large  due  to 
its  height  of  143.5  feet  and  storage  capacity  of  9600  acre  feet. 

1.2.4  Hazard  classification:  The  dam  is  located  5%  miles 
upstream  of  the  Townes  Dam  and  9 miles  from  the  Kibler  Valley. 

Failure  of  Talbott  D?m  would  release  more  than  8,000  acre-feet  of 
water  into  Townes  Reservoir  which  has  a capacity  of  1377  acre-feet 
under  normal  operating  conditions.  This  would  probably  produce  a 
failure  of  Townes  Dam  and  inundate  the  Kibler  Valley  resulting  in  a 
loss  of  many  lives.  In  accordance  with  the  "Recomnended  Guidelines 
for  Safety  of  Dams"  published  by  the  Office  of  the  Chief  of  Engineers 
for  dams,  the  dam  is  given  a high  hazard  classification.  Hazard 
classification  used  to  catagorize  dams  is  a function  of  location  only 
and  unrelated  to  the  stability  or  probability  of  failure. 

1.2.5  Ownership:  City  of  Danville,  Virginia 

1.2.6  Purpose  of  Dam:  The  primary  purpose  is  for  hydroelectric 
power  for  the  city  of  Danville.  The  reservoir  provides  the  water 
storage  to  replenish  the  power  pool  in  the  Townes  Dam  Reservoir,  which 
is  located  downstream  of  Talbott  Dam. 

1.2.7  Design  and  Construction  History:  The  dam  was  designed  in 
1937  by  Charles  T.  Main,  Inc.,  Engineers  and  constructed  in  1938  by 
Ligon  and  Ligon,  contractors.  With  the  exception  of  changing  the 
regulating  valves  from  one  3-foot  diameter  to  two  3-foot  diameter 
valves  and  using  6-inch  bypasses  in  lieu  of  4-inch,  design  drawings 
appear  to  reflect  "as-built"  conditions. 

1.2.8  Normal  Operational  Procedures:  Operation  of  the  project  is 
regulated.  The  36-inch  gated  outlet  is  operated  as  needed  to  allow 
water  to  flow  to  the  lower  dam  for  hydro-electric  power  generation. 

At  high  pool  levels,  water  is  automatically  passed  over  the  spillway. 
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1.3  Pertinent  Data 

1.3.1  Drainage  Areas:  The  dam  controls  a drainage  area  of  20.2 
square  miles. 

1.3.2  Discharge  at  Dam  Site; 

Maximum  known  flood-10,300  c.f.s.  in  August  1940(estimated) . 
36-inch  Outlet 

Pool  level  at  spillway  crest  without 
flashboards  - 376  c.f.s. 

Spillway 

Pool  level  at  top  of  parapet  wall  with  flashboards  - 
4000  c.f.s. 

Pool  level  at  top  of  parapet  wall  without  flashboards  - 
7900  c.f.s. 


1.3.3  Dam  and  Reservoir  Data:  Pertinent  data  on  the  dam  and 
reservoir  are  shown  in  the  following  table: 


Table  1.1 

DAM  AND 

RESERVOIR 

DATA 

ITEM 

Elevation 
Ft.,  msl 

Area 

Acres 

Acre 

feet 

Watershed 

Inches 

Length 

Miles 

Top  of  Parapet 

2543.  5 

189 

9600 

8.9 

2.75 

Top  of  Walkway 

2540.0 

175 

8900 

8.3 

2.65 

Flood  Level  i/ 

2538.0 

170 

8700 

8.1 

2.6 

Top  of  Flashboards 

2535.0 

157 

8100 

7.5 

2.6 

Spillway  Crest 

2532.0 

150 

7600 

7.1 

2.6 

Normal  Pool 

2525-2531 

• 

— 

— 

Streambed  at  Center- 
line  of  Dam 


2405 
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2.1  Design: 

2.1.1  Design  Drawings:  The  city  of  Danville  has  on  file  an 
incomplete  set  of  original  design  drawings  and  specifications  (See 
Appendix  I)  prepared  by  Charles  T.  Main,  Inc.,  Boston,  Massachusetts, 
dated  1937.  These  drawings  contain  information  relating  to  core 
borings,  foundation  and  grouting,  boring  and  testing  records  of 
concrete,  plan  and  section  views  of  the  dam  and  appurtinent  structures, 
electrical  wiring  and  mechanical  piping. 

2.1.2  Geologic  Investigations:  An  extensive  geologic  and 
foundation  investigation  was  conducted  for  the  dam  by  the  design 
engineers,  Charles  T.  Main,  Inc.  The  investigations  were  directed  by 
the  Consulting  Geologist,  Wilbur  A.  Nelson  under  contract  to  the  design 
engineers.  Geology  reports  are  on  file  in  the  City  of  Danville  Electric 
Dept.  As  part  of  the  preliminary  studies,  eight  separate  sites  were 
investigated.  The  investigations  at  each  site  included  detailed 
geologic  mapping  and  diamond  core  drilling.  A total  of  58  core  borings 
were  drilled  with  most  concentrated  at  two  of  the  more  favorable  sites. 
The  favorable  sites  were  determined  on  the  basis  of  narrowness  of  the 
gorge  and  the  geologic  conditions  at  each  site.  The  final  site  selected 
was  between  sites  21  and  22  where  the  gorge  was  narrowest.  A site  550 
feet  upstream  of  21  and  22  was  the  most  geologically  advantageous 
according  to  the  consulting  geologist.  The  selected  site  was,  however, 
approved  by  the  consulting  geologist  provided  recommended  foundation 
treatments  were  followed.  In  addition  to  the  geologic  mapping  and 
drilling,  the  investigations  also  included  several  test  pits,  a detailed 
groundwater  study  on  the  left  abutment  of  the  selected  site,  and 
petrographic  analysis  of  the  foundation  rocks. 

2. 1.2.1  Geologic  Setting  of  the  Dam  Site:  The  dam  is  located  in 
the  Blue  Ridge  Physiographic  Province  of  Virginia  and  is  underlain  by 
metamorphic  rocks  of  the  Precambrian  Age  Lynchburg  Formation.  These 
rocks  include  predominately  quartz-mica  gneiss  with  minor  amounts  of 
schist  and  quartzite.  Massive  greenstones  of  the  Catoctin  Formation 
occur  25  to  50  feet  upstream  of  the  dam  site.  The  general  strike  of  the 
schistosity  of  these  rocks  is  from  N45°  to  60°  with  a dip  to  the 
southeast  of  60°  to  80°.  The  structural  geology  of  the  site  is 
fairly  complex.  At  least  three  periods  of  folding  with  associated 
jointing  have  occurred  in  the  rocks  of  the  area.  Thrust  and  normal 
faulting  are  common  in  the  Blue  Ridge  but  neither  occurs  in  the 
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immediate  dam  site.  A near  vertical,  normal  fault  was  uncovered  in  a 
cut  for  the  service  road  but  it  strikes  parallel  to  the  ridge  top  west 
of  the  dam  site  and  has  no  adverse  affect  at  the  dam  location. 

2. 1.2. 2 Foundation  Condition  and  Treatment:  The  condition  of  the 
foundation  rocks  varied  from  abutment  to  abutment.  Based  on  the  core 
borings,  overburden  thicknesses  ranged  from  2 to  16  feet  and  depthes  to 
unweathered  rock  ranged  from  6 to  54  feet.  The  deeper  weathered  zones 
occur  high  on  the  right  abutment,  where  although  the  rock  is  deeply 
weathered,  abutment  conditions  were  determined  to  be  excellent. 

According  to  contract  specifications  inclosed  in  Appendix  VI, 
excavations  for  the  dam  foundation  were  made  to  a sufficient  depth  to 
secure  the  foundation  on  sound  bedrock  free  of  open  or  soft  seams.  The 
excavations  were  made  in  horizontal  steps  at  least  5 feet  high  as  shown 
on  Plate  4,  Appendix  I.  After  excavation  of  the  foundation  and  before 
placement  of  the  concrete  structure,  the  base  was  thoughly  cleaned  of 
all  loose  materials  and  a thick  layer  of  slush  grout  was  applied  to 
the  cleaned  rock  surface  to  secure  a good  bond  with  the  first  lift  of 
concrete.  Steel  dowel  bars  were  also  grouted  into  the  bedrock  before 
concrete  placement. 

Weathered  zones  were  also  encountered  within  the  underlying 
competent  bedrock  along  narrow  planes  parallel  to  the  schistosity. 

These  weathered  planes  in  some  areas  extended  below  the  river  elevation 
and  were  fairly  continuous.  Since  the  northeast  strike  of  the 
schistosity  planes  cut  across  the  dam  site  at  approximately  45°, 
leakage  through  the  weathered  planes  was  anticipated.  To  stop  leakage 
under  the  dam  and  to  provide  a uniform  and  consolidated  foundation,  an 
extensive  grouting  program  was  completed  before  construction  of  the  dam 
structure.  The  grouting  was  done  in  two  phases.  The  first  phase 
included  drilling  35  grout  holes  to  30  feet  with  a diamond  core  drill 
along  the  dam  perimeter.  After  examining  the  cores  and  the  grout 
records  for  these  holes,  the  second  phase  grout  holes  were  laid  out  and 
drilled  to  a minimum  depth  of  30  feet  with  jackhaaners . Approximately 
460  second  phase  holes  were  drilled  and  grouted.  The  grouting  procedure 
is  outlined  in  the  specifications  in  Appendix  VI.  Drawings  showing  the 
hole  locations  and  grout  records  of  both  phases  are  shown  on  Plates  5,  6 
and  10,  Appendix  I. 

In  addition  to  the  normal  investigation  at  the  dam  site,  detailed 
studies  of  the  narrow  ridge  comprising  the  left  abutment  were  also 
performed.  The  studies  were  conducted  to  determine  if  leakage  would 
occur  through  weathered  schistosity  planes  oriented  perpendicular  to  the 
narrow  ridge.  The  ground  water  study  and  nine  core  borings  drilled 
along  the  top  of  the  ridge  indicated  zones  of  fractured  rock  and  a 
ground  water  table  that  was  lower  than  the  proposed  reservoir  for  a 
distance  of  240  feet  downstream  of  the  left  abutment.  These  conditions 
indicated  leakage  through  the  ridge  •>-'  probable.  Geologic 
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cross  seccions  along  the  ridge  are  shown  on  Plate  8,  Appendix  I and 
the  ground  water  study  is  discussed  in  the  Geology  report  in  Appendix 
IV.  Grouting  the  240-foot  rone  was  recommended  by  the  consulting 
geologist.  No  grout  records  were  found  among  the  drawings  obtained 
from  the  City  of  Danville,  therefore,  it  must  be  assumed  the  grouting 
was  not  accomplished. 

2.1.3  Structural  Analysis:  Original  design  calculations  were  not 
f ound . 


2.2  Construction:  Construction  drawings  by  Charles  T.  Main,  Inc. 
detailing  foundation  grouting  as  well  as  a drawing  showing  concrete 
placement  and  results  of  concrete  tests  are  available  from  the  City  of 
Danville.  (See  Plates  4,  5,  and  6,  Appendix  I).  No  other  construction 
records  could  be  found. 

2.3  Operations:  The  City  of  Danville  employs  a reservoir 
patrolman  who  lives  within  walking  distance  of  the  dam.  His 
operational  duties  include  reading  the  staff  gage  twice  daily, 
operation  of  the  outlet  regulating  valves  as  required,  and  other  small 
maintenance  tasks.  Other  operational  personnel  reside  at  Townes  Dam 
and  the  Pinnacles  Power  Plant,  both  located  downstream,  but  connected 
in  operational  procedure  to  Talbott  Dam.  The  patrolman  keeps  a log  of 
all  operations. 

2.4  Evaluation:  The  design  drawings  and  geology  report  provide 
excellent  information  concerning  the  design  and  construction  of  the 
dam.  However,  without  the  original  design  analysis  the  available 
engineering  data  is  insufficient  to  base  an  opinion  on  the  safety  of 
the  dam. 


SECTION  3 - VISUAL  INSPECTION 


3.1  Generali  Prior  to  the  field  inspection  performed  on  27  July 
1978,  the  only  known  inspection  was  an  underwater  inspection  performed 
by  Logan  Diving,  Inc.  A copy  of  their  inspection  report  is  inclosed  in 
Appendix  V.  In  general,  their  inspections  indicated  that  there  was  an 
accumulation  of  logs  and  brush  on  the  trash  racks  and  an  accumulation  of 
silt  along  the  face  of  the  dam. 

3.2  Findings: 

3.2.1  Dam  and  Abutments:  The  results  of  the  27  July  1978 
inspection  are  recorded  in  Appendix  III.  At  the  time  of  the  inspection, 
the  pool  elevation  was  2527.2,  7.8  feet  below  the  elevation  of  the 
spillway.  The  outlet  works  were  not  releasing  flow.  Only  minor  seepage 
was  noted  on  the  face  of  the  dam.  There  were  some  areas  of  calcium 
deposits  showing  areas  of  past  seepage  that  are  not  currently  active.  A 
horizontal  crack,  approximately  l/2  inch  wide  and  30  feet  long,  is 
located  at  the  bottom  of  the  fourth  lift  from  the  top  of  the  dam, 
beginning  at  the  left  abutment  on  the  downstream  face.  The  concrete 
above  the  crack  is  displaced  approximately  1/8  inch.  The  crack  is 
seeping  at  a rate  estimated  to  be  1 GPM. 

Verification  was  made  as  to  foundation  rock  type  and  orientations  of  the 
schistosity.  The  abutments  and  downstream  aTea  were  inspected  for  signs 
of  foundation  failure  and  leakage.  A spring  surrounded  by  a large  wet 
area  was  noted  along  the  narrow  left  abutment  approximately  150  feet 
downstream  and  50  feet  below  the  top  of  the  dam.  The  spring  was  flowing 
clear  at  approximately  10  gpm  and,  although  no  temperature  reading  was 
made,  the  water  was  very  cool  and  therefore,  not  runoff.  There  was  no 
mention  of  any  springs  along  the  left  abutment  in  the  geologist's  report 
but  the  dam  operator  stated  the  spring  had  been  there  since  he  began 
work  approximately  10  years  ago.  It  is  very  probable  that  the  spring 
developed  as  a result  of  leakage  through  weathered  schistosity  planes  in 
the  narrow  ridge  soon  after  filling  the  reservoir.  Since  grouting 
records  were  not  found  that  would  indicate  the  designers  followed  the 
recommendations  of  the  consulting  geologist,  it  is  assumed  the  grouting 
was  not  done  and  that  the  spring  is  leakage  that  has  occurred  as  a 
result.  Several  sections  of  4"  clay  pipe  were  found  below  the  spring 
and  were  probably  part  of  a drain  system  placed  to  control  erosion.  The 
system  was  not  operating  and  a large  area  around  and  below  the  spring 
was  saturated.  The  presence  of  the  old  drain  system  may  further 
substantiate  the  development  of  the  spring  since  construction  of  the 
dam.  Besides  the  spring,  no  other  wet  areas  or  zones  of  seepage  were 
noted  along  the  abutments  or  downstream  area. 

3.2.2  Reservoir  Area:  Conversations  with  representatives  of  the 
city  of  Danville  indicate  that  divers  reported  moderate  siltation  and 
accumulation  of  trash  near  the  dam  face.  The  side  slopes  of  the 
reservoir  are  very  steep. 
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3.2.3  Electrical:  Electrical  power  to  the  dam  is  supplied  by  a 
2,300  volt,  three-phase  transmission  line  from  the  Pinnacles  Power 
plant.  An  oil  filled  distribution  type  transformer  in  the  storage  room 
provides  power  to  the  upper  portion  of  the  dam.  Two  oil  filled 
distribution  type  transformers  in  the  valve  house  provide  power  for 
operation  of  the  valve.  A backup  power  source  is  not  available. 
Location  of  the  transformers  violates  the  National  Electrical  Code. 
Emergency  lighting  is  not  available  in  the  valve  house.  Inspectors 
noted  that  the  transformers  have  some  oil  leakage  around  bushings  or 
lid. 


3.2.4  Downstream  Areas:  A U.S.G.S.  quad  sheet  was  used  as  a guide 
to  assess  the  areas  tfiich  might  be  affected  by  a dam  failure.  Townes 
Dam  is  located  downstream  of  Talbott  Dam  and  25  dwellings  are  located 
immediately  downstream  of  Townes  Dam.  The  dam  is  located  in  a gorge 
with  steep  side  slopes,  approximating  50  degrees. 

3.3  Evaluation: 

3.3.1  Dam  and  Abutment:  The  dam  and  abutments  were  in  generally 
good  condition. 

3.3.2  Downstream  Area:  The  area  downstream  of  the  dam  is  clear  of 
any  structure  with  the  exception  of  the  Townes  Dam.  A failure  of  the 
Talbott  Dam  would  probably  cause  a failure  in  the  Townes  Dam.  A failure 
of  the  Townes  Dam  could  result  in  the  destruction  of  many  dwellings. 
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SECTION  4:  OPERATIONAL  PROCEDURES 


4.1  Procedures  and  Maintenance:  The  maximum  storage  pool  is 
elevation  2535  which  is  the  top  of  the  flashboards  or  three  feet  above 
the  spillway  crest.  The  reservoir  provides  the  water  storage  to 
replenish  the  Townes  Dam  reservior  (located  5%  miles  downstream)  which 
provides  water  for  hydroelectric  power  generation.  Hater  flows  from  the 
reservoir  through  a 36-inch  diameter  steel  conduit  that  discharges  into 
the  stilling  basin  of  the  dam.  Under  normal  streamflow  conditions,  the 
reservoir  pool  ranges  between  elevations  2525  and  2531.  Excess 
streamflows  are  automatically  passed  over  the  spillway.  Flows  through 
the  outlet  works  are  controlled  either  electrically  or  manually  by  the 
patrolman  stationed  at  Talbott  Dam.  A private  telephone  system  provides 
communications  between  Talbott  Dam,  the  power  plant,  Townes  Dam,  and  the 
patrolman's  house. 

4.2  Maintenance  of  Dam:  Routine  maintenance  of  the  dam  is 
generally  not  required  due  to  the  type  of  structure.  Debris  and  logs 
are  routinely  removed  from  the  reservoir  by  the  partolman  permanently 
stationed  at  Talbott  dam.  His  primary  duties  are  to  maintain,  operate 
and  inspect  the  dam  and  operating  facilities. 

4.3  Maintenance  of  Operating  Facilities:  Maintenance  schedules  are 
maintained  for  Talbott  dam  requiring  lubrication  of  valve  fittings  and 
checks  of  master  controls  weekly  as  well  as  numerous  minor  maintenance 
tasks. 

In  1971  the  city  replaced,  with  new  counterparts,  the  downstream  gate 
valves  and  all  of  the  90-degree  elbow  (extra  strong)  pipe  fittings  in 
both  6-inch  bypasses  that  serve  the  36-inch  valves. 

In  1975  the  36-inch  (Service)  butterfly  valve  was  removed  and 
transported  to  the  Chapman  Division  of  the  Crane  Company,  Indian 
Orchard,  Massachusetts,  for  complete  overhaul.  The  removal, 
transportation,  and  reinstallation  was  accomplished  by  city  personnel. 

In  April  1978  the  stainless  steel  hoist  rope  and  the  single  block  at  the 
stop  gate  were  replaced  with  new  counterparts.  The  above  new  material 
was  furnished  by  the  city  and  was  installed  by  Logan  Diving,  Inc.  under 
an  inspection  contract.  (See  Appendix  V).  The  main  requirements  of  the 
contract  involved  the  underwater  inspection  of  the  fixed  trash  rack;  the 
inspection  and  operation  of  the  stop  gate  and  its  hoist  winch,  both 
36-inch  butterfly  valves,  all  gate  valves  in  both  6-inch  bypasses,  and 
in  the  6-inch  drain  line;  also  the  inspection  of  the  twenty-six  nozzles 
in  the  discharge  ring  at  the  stilling  basin.  The  operating  phase  of  the 
inspection  was  accomplished  by  city  personnel  in  the  presence  of  Logan 
Diving,  Inc.  personnel.  The  inspection  revealed  that  the  trash  rack 
was  obstructed  for  approximately  two-thirds  of  its  height.  The 
obstruction  consisted  of  a composite  mixture  of  silt, 


13 


ieaves,  and  waterlogged  tree  trunks,  limbs,  and  branches.  The  condition 
and  the  operation  was  found  to  be  satisfactory  for  the  stop  gate  and  its 
hoist  winch,  the  two  36-mch  butterfly  valves,  and  the  four  gate  valves 
in  the  two  6- inch  bypasses.  The  gate  valve  in  the  6-inch  drain  line  was 
found  to  be  defective  and  was  replaced  with  a new  counterpart.  It  was 

clogged11^  tW°  °f  thC  twenty~six  nozzles  in  the  discharge  ring  were 


Warning  System:  No  formal  warning  systems  exist. 

Evaluation:  Operation  and  maintenance  of  this  dam  by  the  Citv 
of  Danville  Electric  Department  appear  good.  Additions  to  present 
procedure  are  indicated  in  Section  7,  Assessment/Remedial  Measures. 
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SECTION  5:  HYDRAULIC /HYDROLOGIC  DESIGN 


5.1  Design;  There  is  no  original  hydraulic  or  hydrologic  design 
data  available  for  the  Talbott  Dam. 

5. 2 Hydrologic  Records:  Records  of  reservoir  pool  elevations , air 
temperature,  and  precipitation  are  maintained  at  the  Pinnacles 
Hydro-Electric  Power  Plant;  The  reservoir  content  at  the  end  of  each 
month  are  published  by  the  U.  S.  Geological  Survey  in  "Water  Resources 
for  Data  for  Virginia".  The  U.  S.  Geological  Survey  has  maintained  flow 
records  approximately  36*j  miles  downstream  on  the  Dan  River  near 
Francisco,  N.C.  (drainage  area  124  square  miles)  since  August  1924. 

5.3  Flood  Experience;  The  maximum  pool  level  reported  for  the 
Talbott  Dam  occurred  14  August  1940  at  an  elevation  of  2546  ft,  MSL,  or 
2.5  feet  above  the  top  of  the  parapet  wall.  This  is  the  only  incident 
in  iriiich  the  parapet  wall  has  been  overtopped.  The  reservoir  pool 
reached  elevation  2538.5  ft,  MSL  during  Tropical  Storm  Agnes  in  June 
1972. 


5.4  Flood  Potential;  The  Probable  Maximum  Flood  (PMF),  1/2  PMF, 
and  one  percent  flood  hydrographs  were  developed  and  routed  through  the 
reservoir  by  use  of  the  HEC-1DB  computer  program  (Reference  1,  Appendix 
VII)  and  appropriate  unit  hydrograph,  precipitation,  and  storage-outflow 
data.  Clark's  Tc  and  R coefficients  for  the  local  drainage  area  were 
estimated  from  basin  characteristics  and  previously  derived  coefficients 
at  the  Francisco  gage.  The  rainfall  applied  to  the  developed  unit 
hydrograph  was  obtained  from  U.  S.  Weather  Bureau  Publications 
(References  2 and  3,  Appendix  VII).  Losses  were  estimated  at  an  inital 
loss  of  0.80  inch  and  a constant  loss  thereafter  of  0.05  inch/hour. 

5.5  Reservoir  Regulation;  Releases  from  Talbott  are  regulated  to 
supply  the  downstream  Townes  Reservoir  as  needed.  The  Townes  reservoir 
is  used  for  the  generation  of  electricity  for  the  city  of  Danville  by 
the  Pinnacles  Hydro-Electric  Power  Plant.  Under  normal  streamflow 
conditions,  the  reservoir  pool  ranges  between  elevations  2525  feet  and 
2531  feet.  Excess  streamflows  are  automatically  passed  over  the 
spillway  or  flashboards. 

The  storage  curve  supplied  by  the  owners  was  extended  above  the  top 
of  the  flashboards  by  use  of  U.  S.  Geological  Survey  Quadrangle  Maps. 

In  the  August  1940  flood,  the  flashboards  did  not  blow  out  as  designed. 
For  this  reason,  two  rating  curves  were  developed  for  the  spillway.  One 
rating  assumed  the  flashboards  in  place  trtiile  the  other  assumed  full 
conveyance  for  the  ogee  shaped  spillway.  A rating  curve  was  also 
developed  for  the  top  of  the  parapet  wall.  All  ratings  assumed  that  the 
parapet  wall  would  withstand  the  pressures  associated  with  overtopping. 
In  routing  hydrographs  through  the  reservoir,  it  was  assumed  that  the 
initial  pool  level  was  at  the  top  of  the  flashboards  for  the  condition 
with  flashboards  in  place  and  at  the  spillway  crest  for  the  condition 
without  flashboards. 
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5.6  Overtopping  Potentials  The  probable  rise  of  the  reservoir  for 
the  two  conditions  with  and  without  flashboards  and  other  pertinent 
information  on  reservoir  performance  is  shown  in  the  following  table: 


TABLE  5.1  RESERVOIR  PERFORMANCE 
FLOOD 


One 

PMF  2/ 

Percent^/ 

1940 

1/2  PMF 

Peak  Inflow,  cfs 

7,890 

17,310 

34,620 

WITH  FLASHBOARDS 

Peak  Outflow,  cfs 

6,340 

10,300 

16,900 

34,280 

Peak  Elevation,  ft,  msl 

Spillway,  2535.0  ft.  msl 
Depth  of  Flow,  fti'- 

2544.6 

2,546 

2,547.5 

2,550 

3.5 

3.5 

3.5 

3.5 

Avg.  Velocity,  fps 

15.4 

16.9 

19.4 

23.4 

Top  of  Parapet  Wall.  2543.5 
Depth  of  Flow,  itzJ 

ft,  msl 

1.1 

2.5 

4.0 

7.2 

Duration,  hrs 

5.0 

- 

11.5 

16.0 

Avg.  Velocity,  fps 

3.5 

5.2 

6.6 

8.9 

Tailwater  Elevation,  ft,  msl 

2419.6 

- 

2433.4 

2448.2 

WITHOUT  FLASHBOARDS 

Peak  Outflow,  cfs 

6,150 

— 

. 16,730 

34,290 

Peak  Elevation,  ft,  msl 

Spillway,  2532.0  ft,  msl 
Depth  of  Flow,  ft£' 

2540.2 

2,546.3 

2,549 

6.5 

- 

6.5 

6.5 

Avg.  Velocity,  fps 

11.8 

19.2 

21.2 

Top  of  Parapet  Wall.  2543.5 
Depth  of  Flow,  ftz' 

ft,  msl 

- 

- 

2.8 

6.4 

Duration,  hrs 

- 

- 

7.0 

12.0 

Avg.  Velocity 

— 

— 

5.5 

8.3 

Tailwater  Elevation,  ft,  msl 

2,419.2 

- 

2,433.3 

2,448.2 

being  exceeded  in  any  given  year. 

2/  The  Probable  Maximum  Flood  is  an  estimate  of  flood  discharges  that 
may  be  expected  from  the  most  severe  combination  of  critical  meteorologic  and 
hydrologic  conditions  that  are  reasonably  possible  in  the  region. 

Depth  of  flow  on  spillway  is  limited  due  to  walkway. 
it!  Difference  between  the  maximum  reservoir  elevation  and  the  top  of 
the  parapet  wall. 
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5.8  Evaluation:  The  probability  of  the  flashboards  being  blown  out 
during  flood  conditions  is  uncertain;  therefore,  prime  consideration  was  given 
to  conditions  of  overtopping  with  the  flashboards  in  place.  Under  this 
condition,  the  parapet  wall  was  overtopped  by  2.5  feet  in  the  August  1940 
flood.  With  the  flashboards  in  place,  the  parapet  wall  would  be  overtopped  by 
1.1  feet  in  the  One  Percent  Flood,  4.0  feet  in  the  1/2  PMF,  and  7.2  in  the  PMF 
for  durations  of  5.0,  11.5,  and  16.0  hours  respectively.  The  parapet  wall 
would  be  just  overtopped  by  202  of  the  PMF.  Conditions  would  be  slightly  less 
severe  if  the  flashboards  were  not  in  place  in  that  352  of  the  PMF  would  just 
overtop  the  parapet  wall  with  overtopping  by  other  floods  shown  in  Table  5.1. 
The  spillway  is  considered  seriously  inadequate  since  it  will  not  pass  one 
half  of  the  PMF.  If  structural  calculations  indicate  the  dam  is  stable  the 
spillway  should  be  considered  inadequate  but  not  seriously  inadequate. 

I 

Conclusions  pertain  to  present  day  conditions  and  the  effect  of  future 
development  on  the  hydrology  has  not  been  considered. 

' 


5.7  Reservoir  Emptying  Potential:  A 36-inch  gated  outlet  at  elevation 
2411.5  is  available  for  dewatering  the  reservoir.  There  are  no  methods 
available  for  lowering  the  reservoir  pool  below  this  elevation.  With  the 
reservoir  pool  at  the  top  of  the  flashboards,  it  would  take  approximately  16 
days  to  lower  the  pool  to  elevation  2411.5  ft,  msl. 


SECTION  6 - STRUCTURAL  STABILITY 


6.1  Dam  Foundation:  Talbott  Dam  is  founded  on  competent 
metamorphic  bedrock  along  the  river  valley  and  both  abutments. 
Foundation  treatments  including  contact  and  consolidation  grouting 
were  accomplished  under  the  entire  dam  structure.  Foundation  drains 
were  determined  to  be  unnecessary  and  therefore  not  constructed.  For 
detailed  description  of  site  geology  and  foundation  conditions  and 
treatment,  see  Section  2,  Engineering  Data. 

6.2  Stability;  Structural  calculations  are  not  available  and 
therefore,  cannot  be  checked.  (Analysis  of  stability  and  state  of 
stress  is  beyond  the  scope  of  this  report.) 

6.3  Evaluation: 

6.3.1  Structural:  Visual  observations  do  not  reveal  any  problems 
tdiich  indicate  instability.  The  one  half  inch  horizontal  crack  at  the 
left  abutment  (30  feet  long  and  approximately  40  feet  below  the 
walkway  at  the  top  of  the  dam,  see  photos  5 and  6)  does  not  appear  to 
warrant  serious  concern  at  this  time,  however,  this  condition  should 
be  checked  when  a structural  analysis  is  performed.  Structural 
analysis  under  critical  loading  conditions  should  be  completed  within 
6 months. 


6. -3. 2 Foundation:  Dams  are  usually  evaluated  on  the  basis  of 
potential  settlement,  sliding  and  seepage.  Settlement  of  the  dam  is 
not  a problem  because  the  foundation  is  competent  bedrock.  Abutment 
stability  against  sliding  is  critical  in  concrete  arch  dams  since  the 
abutments  are  absorbing  most  of  the  loads.  In  hard  competent 
metamorphic  rocks  like  the  gneiss  comprising  both  abutments,  sliding 
is  only  critical  where  low  angle  weathered  schistosity  planes  or  shear 
zones  occur  dipping  in  either  an  upstream  or  downstream  direction  away 
from  the  abutments.  No  shear  zones  were  mentioned  in  the  geology 
report  and,  although  weathered  schistosity  planes  do  occur  dipping 
downstream,  the  magnitude  of  the  dip  is  too  great  (60°  - 80°)  for 
sliding  to  occur.  The  potential  for  leakage  did  exist  within  the 
foundation  rock,  therefore,  a grouting  program  was  completed  under  the 
entire  dam  structure. 

The  program  was  fairly  extensive  and  based  on  the  visual 
inspection,  quite  effective  as  very  little  seepage  was  noted  along  the 
dam-abutment  contact.  Seepage  through  the  narrow  ridge  comprising  the 
left  abutment  was  apparent  in  the  form  of  a spring  flowing  10  gpm.  As 
previously  stated,  the  development  of  the  spring  could  have  been  the 
result  of  deleting  the  reconmended  grouting  along  ridge.  Regardless, 
the  spring  being  150  feet  downstream  is  presently  not  affecting  the 
integrity  of  the  dam.  Since  the  water  was  clear,  it  is  also  apparent 


that  no  piping  or  enlarging  of  the  permeable  zones  in  the  bedrock  is 
taking  place.  Since  the  grouting  of  the  ridge  was  apparently  deleted 
additional  leakage  may  develop  through  the  abutment  in  the  future. 
Periodic  inspection  of  the  abutment  to  locate  additional  leakage 
should  be  made.  In  addition,  some  simple  measuring  device  should  be 
installed  at  the  existing  spring  to  monitor  any  changes  in  flow 
associated  with  changes  in  reservoir  levels.  In  the  future,  should 
increased  flow  of  the  spring  and  additional  springs  or  seepage  areas 
develop,  then  some  remedial  treatment  of  the  abutment  may  be  required 
to  insure  the  safety  of  the  dam. 
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SECTION  7 - ASSESSMENT,  RECOMMENDATIONS/ 

REMEDIAL  MEASURES 

7.1  Assessment? 

7.1.1  Safety;  The  Talbott  Dam,  as  observed  27  July  1978,  appears 
sound  without  indication  of  structural  instability  or  unsafe 
operation.  The  spillway  will  pass  only  20Z  of  the  PMF  without 
overtopping  the  parapet  (flashboards  in)  and  it  will  not  pass  the  100 
year  flood  without  exceeding  the  flood  level,  elevation  2538, 
indicated  on  the  drawings.  This  is  cause  for  concern  since  no 
stability  analysis  is  available  and  the  dam  may  have  only  been 
structurally  designed  for  the  flood  level  shown  on  the  drawings.  With 
the  flashboards  removed,  the  spillway  will  pass  35X  of  the  PMF.  The 
spillway  is  therefore  adjudged  as  seriously  inadequate  and  the  dam  is 
assesses  as  unsafe,  non-emergency. 

The  classification  of  "unsafe"  applied  to  a dam  because  of  a 
seriously  inadequate  spillway  is  not  meant  to  connote  the  same  degree 
of  emergency  as  would  be  associated  with  an  "unsafe"  classification 
applied  for  a structural  deficiency.  It  does  mean,  however,  that 
based  on  an  initial  screening  and  preliminary  computations,  there 
appears  to  be  a serious  deficiency  in  spillway  capacity  so  that  if  a 
severe  storm  were  to  occur,  overtopping  and  failure  of  the  dam  would 
take  place,  significantly  increasing  the  hazard  to  loss  of  life 
downstream  from  the  dam. 

7.1.2  Adequacy  of  Information;  With  the  exception  of  structural 
analysis,  information  on  the  dam  is  excellent. 

7.1.3  Urgency;  Preparation  of  structural  analysis  should  begin 
inaediately . 

7.1.4  Necessity  of  Phase  II;  A Phase  II  inspection  is  not 
considered  necessary. 

7.2  Recommendations/Remedial  Measures; 

7.2.1  Structural  Calculations;  Structural  analysis  of  the  dam, 
including  a check  of  the  horizontal  crack  at  the  left  abutment  noted 
in  paragraph  3.2.1,  should  be  started  immediately  and  completed  within 
6 months. 
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7.2.2  In  accordance  with  paragraph  7.1.1,  it  is  recommended  that 
within  two  months  from  the  date  of  notification  to  the  Governor  of  the 
Commonwealth  of  Virginia,  the  owner  engage  the  services  of  a 
professional  consultant  to  determine  by  more  sophisticated  methods  and 
procedures  the  adequacy  of  the  spillway.  Even  though  the  seriously 
inadequate  spillway  would  produce  a dam  failure  primarily  from 
hydrologic  reasons,  remedial  measures  in  structural  or  geotechnical 
areas  may  be  needed  to  remove  the  dam  from  an  unsafe  classification. 
Within  6 months  of  the  date  of  notification  to  the  governor,  the 
professional  consultant's  report  of  appropriate  remedial  mitigating 
measures  should  have  been  completed  and  the  owner  should  have  an 
agreement  with  the  Commonwealth  of  Virginia  to  a reasonable  time  frame 
in  which  all  remedial  measures  will  be  complete.  In  the  interim,  a 
detailed  emergency  operation  plan  and  warning  system  should  be 
promptly  developed.  It  must  be  considered  that  the  dam  is  threatened 
whenever  the  reservoir  level  exceed  elevation  2538  until  analysis 
shows  otherwise.  Also,  during  periods  of  unusually  heavy 
precipitation,  around-the-clock  surveillance  should  be  provided. 

t 7.2.3  Flashboards:  Flashboards  should  be  removed  until  the 

stability  of  the  dam  is  verified.  (This  reduces  the  probability  of 
activating  the  warning  system  to  approximately  one  in  one  hundred  for 
any  given  year.) 

7. 2. A Stop  Gate  Inspection:  It  is  recommended,  as  outlined  in 
the  Logan  Diving,  Inc.  report,  that  the  city  perform  a semi-annual 
operational  inspection  of  the  intake  stop  gate  and  its  hoist  winch, 
the  two  36-inch  butterfly  valves,  the  four  gate  valves  in  the  two 
6-inch  bypasses,  and  the  gate  valve  in  the  6-inch  drain  line.  The 
inspection  should  be  performed  in  the  presence  of  the  superintendent 
of  the  Pinnacles  Hydro  Station.  The  inspection  report  should  include 
the  name  of  the  dam,  the  date,  the  names  of  the  inspectors,  the 
weather  conditions,  the  reservoir  pool  elevation,  and  other  pertinent 
information.  The  results  of  the  inspection  should  be  described  with 
special  emphasis  being  placed  on  any  deficiency  that  is  revealed. 

7.2.5  Underwater  Inspections;  Although  no  apparent  operational 
problems  have  been  experienced  as  a result  of  the  excessive  silt 
deposits  on  the  trash  rack,  and  from  the  clogged  nozzles  in  the 
discharge  ring,  it  is  recomnended  that  annual  underwater  inspections 
be  made  at  these  two  areas  to  forestall  serious  operational  problems 
in  the  future.  Appropriate  reports  should  be  made  of  such  inspections. 
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7.2.6  Mechanical  Equipment:  In  connection  with  the  maintenance 
of  the  manually-operated  and  the  motorized  equipment  at  this  dam, 
there  was  no  apparent  evidence  of  neglect.  It  is  believed,  however, 
that  the  city  should  contact  each  manufacturer  involved  to  determine 
if  any  modifications  should  be  incorporated  in  so  far  as  the 
lubrication  types  and  application  schduleB  are  concerned. 

7.2.7  Electrical  Relocation:  The  transformers,  fuse  cutouts,  and 
surge  arresters  should  be  relocated  outside  of  the  storage  room  and 
valve  house. 

7.2.8  Transformer  Oil  Leakage;  Transformer  oil  leakage  should  be 
repaired  and  the  dielectic  strength  of  the  oil  should  be  tested. 

7.2.9  Emergency  Lighting:  Battery  operated  emergency  lighting 
should  be  provided  in  the  valvehouse. 

7.2.10  Left  Abutment  Inspection;  The  left  abutment  should  be 
inspected  semi-annually  to  locate  any  additional  leakage. 

7.2.11  Seepage  Monitoring:  A simple  monitoring  device  should  be 
installed  at  the  existing  spring  on  the  left  abutment  to  monitor  any 
changes  in  flow  associated  with  changes  in  reservoir  level.  Flow 
should  be  measured  every  three  months  and  additionally  during  periods 
of  high  reservoir  levels.  Should  increased  flow  of  the  spring  and 
additional  springs  or  seepage  areas  develop,  then  some  remedial 
treatment  of  the  abutment  may  be  required  to  insure  the  safety  of  the 
dam. 
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APPENDIX  III 
FIELD  OBSERVATIONS 


APPENDIX  III 


PHASE  I - FIELD  OBSERVATIONS 

Name  of  Dam:  Talbott  Storage  Dam  (VA  14101) 

County:  Patrick  State:  Virginia 

Coordinates:  Lat.  3640.6  Long.  8023.8 

Date  of  Inspection:  27  July  1978 
Weather:  Partly  cloudy 
Temperature:  74 °F 

Pool  Elevation  at  Time  of  Inspection:  2527.2  MSL 
Tailwater  at  Time  of  Inspection:  2410  MSL 

Norfolk  District  Inspection  Personnel: 

Jeff  Irving,  Structural  Engineer 
Meade  Stith,  Structural  Engineer 
Lonnie  Baird,  Electrical  Engineer 
Henry  Hanmond,  Mechanical  Engineer 
Bill  Barker,  Geologist 
Jim  Robinson,  Hydrologist 

Rob  Schonk,  Geotechnical  Engineer  (Recorder) 

Other  attendees: 

Sam  Stryker,  City  of  Danville 

Dave  Lucado,  State  Water  Control  Board 

Clyne  Willis,  Supervisor  of  the  Pinnacles  Hydro-Electric  Plant, 
City  of  Danville 

Jesse  Thompson,  Talbott  Dam  Patrolman 
John  Bowman,  Townes  Dam  Patrolman 


1.  GENERAL:  At  the  time  of  the  inspection,  the  level  of  the 
water  in  the  reservoir  was  7.8  feet  below  the  level  of  the  spillway. 

No  water  was  passing  through  the  outlet  works  during  the  inspection. 

2.  CONCRETE  ARCH  DAM 

2.1  Seepage:  Seepage  was  noted  on  the  face  of  the  dam  through 
both  horizontal  and  vertical  construction  joints.  Many  of  these  seeps 
showed  very  heavy  calcium  deposits.  The  left  abutment  appeared  to  be 
wetter  than  the  right. 

2.2  Structure  to  Abutment  Junction:  There  appeared  to  be  some 
leakage  along  the  contact  joints.  A spring  was  found  approximately 
150  feet  downstream  on  the  left  abutment  approximately  50'  below  the 
top  of  the  dam.  Much  of  the  contact  area  was  obscured  by  humus 
material  that  has  been  deposited  since  the  dam  was  constructed. 
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2.3 


Drains;  No  drains  were  observed  during  the  inspections. 


2.4  Water  Passages:  Besides  the  ungated  spillway,  the  water 
passages  include  a bubbler  connected  by  a 36-inch  line,  two  6-inch 
bypass  lines  and  a 6-inch  drain. 

2.5  Foundation;  The  foundation  of  the  dam  along  both  abutments 
and  channel  section  is  fairly  competent  quartz,  mica  gneiss.  The 
strike  of  the  schistosity  was  measured  at  N 45°  to  60°  E with  a 

tip  of  60°  to  80°  to  the  southeast. 

2.6  Concrete  Surfaces;  A horizontal  crack,  approximately  1/2 
inch  wide  and  30  feet  long,  is  at  the  bottom  of  the  fourth  lift  from 
the  top  beginning  at  the  left  abutment  on  the  downstream  face.  The 
concrete  above  the  crack  is  displaced  approximately  1/8  inch.  The 
crack  is  seeping  at  a rate  estimated  to  be  1 GPM. 

2.7  Vertical  and  Horizontal  Alignment;  Small  displacements  (less 
than  l/4-inch)  were  noted  on  each  side  of  the  walkway  passing  over  the 
spillway. 


2.8  Monolith  Joints;  There  appeared  to  be  some  leakage  and 
leaching  m the  monolith  joints. 

2.9  Construction  Joints;  The  vertical  construction  joints  appear 
open,  however,  drawings  indicate  the  joints  were  grouted. 

3.  OUTLET  WORKS: 

3.1  Intake  Structure:  The  intake  structure  is  submerged  for 
normal  pool  elevation.  It  consists  of  a 72-inch  diameter  intake  which 
transitions  in  a conical  fashion  to  a 36-inch  pipeline.  The  intake  is 
protected  by  a trash  screen  and  includes  a stop  gate. 

3.2  Outlet  Structure;  The  outlet  structure  consists  of  a bubbler 
which  serves  as  an  energy  dissipator.  It  is  approximately  20  feet  in 
diameter  and  consists  of  26  equally  spaced  nozzles. 

3.3  Outlet  Channel:  The  outlet  channel  consists  of  a concrete 
apron  surrounding  the  bubbler  and  the  natural  stream  bed  downstream  of 
the  apron.  The  apron  also  serves  tb  prevent  erosion  from  the  spillway 
discharge  flow.  There  are  two  stilling  basin  wall  drain  holes  in  the 
concrete  weir  that  separate  the  basin  from  the  natural  channel.  The 
left  drain  was  open  while  the  right  drain  was  partially  clogged  with 
debris.  There  was  no  discharge  from  the  dam  but  was  an  estimated  15 
GPM  flow  in  the  downstream  channel  bed  by  seeps  already  noted. 

3.3  Emergency  Gate;  A stopgate  is  located  on  the  upstream  face 
of  the  dam.  It  is  controlled  by  a cable  from  the  machinery  shack 
located  at  the  top  of  the  dam  at  its  center.  The  emergency  gate  was 
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last  used  four  years  ago  when  it  was  necessary  to  overhaul  one  of  the 
valves  on  the  outlet  pipe. 

4.  UNGATED  SPILLWAY: 

4.1  Concrete  Weir:  The  concrete  weir  appeared  to  be  in  good 
condition  with  no  apparent  spalls  or  cracks.  Conversations  with  the 
dam  operators  indicated  that  flow  over  the  spillway  occurs  on  the 
average  of  once  a year. 

4.2  Bridge  and  Piers:  The  parapet  walls  and  walkway  appeared  to 
be  in  good  condition  with  no  signs  of  spalling  or  cracking  of  concrete. 

5.  INSTRUMENTATION 

5.1  Monumentation/Surveys : There  is  a surveying  platform  and 
monument  approximately  260  feet  downstream  of  the  face  of  the  dam. 
Eyebolts  have  been  placed  in  the  face  of  the  dam  for  measuring 
deflection.  Pipes  extend  into  the  dam  for  measuring  temperature. 

6.  RESERVOIR 

6.1  Slopes:  The  reservoir  slopes  are  steep  (30°  or  greater) 
since  the  reservoir  is  sited  in  a gorge. 

6.2  Sedimentation:  Conversation  with  the  engineers  representing 
the  City  of  Danville  indicated  some  sedimentation  is  occurring  along 
the  base  of  the  dam.  An  underwater  inspections  of  the  dam  was 
performed  by  Logan  Diving,  Inc.  of  Jacksonville,  Florida  on  4 and  5 
April  1978.  A copy  of  this  report  is  included  in  Appendix  C. 

6.3  Water  Levels:  There  is  a staff  gage  at  the  dam  and  the  water 
levels  are  recorded  every  day  at  7:30  AM  and  3:30  PM. 

7.  DOWNSTREAM  CHANNEL 

v 

7.1  Conditions:  The  stream  bed  itself  is  approximately  50  feet 
wide.  The  sides  rise  steeply  to  about  five  feet  above  stream 
elevation  and  plateaus  out  for  from  10  to  15  feet.  From  this  point 
they  rise  steeply  once  again.  Above  the  small  plateaus,  the  slopes 
are  wooded;  below  them  the  slopes  are  grassy. 

7.2  Slopes:  Slopes  in  the  vicinity  of  the  dam  are  Bteep, 
approximately  50°  to  55°  since  the  dam  is  located  at  the  bottom  of 
a gorge. 


7.3  Approximate  Number  of  Homes  and  Population:  There  are  no 
structures  downstream  until  the  Townes  Dam  is  reached,  approximately 
3%  miles  downstream. 
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INTRODUCTION 

Field  work  in  connection  with  this  Report  wee 
begun  in  November,  1059,  end  wee  completed  in  November, 
1959 • From  November,  1935  to  July  1,  1039,  several 
tripe  were  made  eaeh  month  to  the  project.  From  July  lev 
to  September  lot  almost  continuous  work  was  done  on  this 
projeot,  ■ ::v  . 5 •-•**?  ■ 

Trips  vero  made  several  times  during  eaeh  month 
to  the  different  dam  sites,  vhioh  were  studied  end  drilled 
during  this  period,  Zn  addition  to  a thorough  cheeking 
of  the  oores  of  the  drill  holes,  a detailed  study  was  mads 
Of  the  geology  of  the  dam  site  areas,  Oeologieal  sec- 
tions were  obtained  from  surface  outeropplnga,  from  road 

. ..  . • ,'V  - •'  ••  • • S .« 

» •«*  V-  W • m'  » ,f.  ...  ^ ‘ • 
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Winter  Scene  In  Gorge  of  Den  River  at  Point 
Lookout  Don  Site 

■ PilOtp  by  W.A.N. 
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cuts  end  from  the  study  of  the  oore  drilling  done  In  this 
region*  Considerable  tine  vas  spent  in  studying  the 
underground  water  conditions  in  the  narrow  ridge  forming 
the  east  abutment  of  the  Big  Bend  Dam  Site* 

After  September  1,  1936  two  trips  were  made  to 
the  project  , one  in  September  and  one  in  November , and  eon* 

' sidorablo  offloe  work  has  been  done  in  the  preparation  of 
this  Report. 

This  Report  is  mads  for  the  City  of  Danville,  ... 
Danville,  Virginia,  and  will  be  supplementary  to  the  Engl* 
neoring  Report  made  by  Charles  T*  Main,  Xno* , on  this  same 
Projeot  for  tbs  City  of  Danville* 

• LOCATION 

The  Point  Lookout  Dam  site  and  the  Big  Bend  Dam  1 

' . - 

Site  are  looated  in  the  extreme  weat  central  part  of  Patrick  - . 1 

-1L 

County,  Virginia,  in  the  gorge  of  the  Dan  River  near  the  - — - - | 

eastern  edge  of  the  Blue  Ridge  Mountains*  /. 

The  looation  of  tfca  Point  Lookout  Dam  Site  la  ap- 
proximately 9 J miles  slightly  north  of  east  of  the  town  of 
Stuart,  while  the  Big  Bend  Dam  Site  le  approximately  7& 
miles  slightly  north  of  east  of  the  town  of  Stuart* 


The  nearest  railroad  to  the  dam  site  la  a feraneh 
of  the  Southern  Railway  which  stops  at  the  town  of  8tuart* 


Service  roads  have  been  built  into  both  daa 
eitea  by  the  City  of  Danville.  These  roads  ooxmeot 
with  the  main  state  highway  at  Cruzes  Store  on  top  of  the 
Blue  Ridge  Mountains,  about  5 miles  roughly  north  of  the 
two  dam  sites. 

Patrick  County  Is  located  in  that  part  of 
Virginia  known  as  the  blue  nidge  Mountain  Province,  which 
borders  on  the  east  the  Greet  Valley  Hogicnnf  Virginia. 

The  point  Lookout  and  Big  Bend  Don  Sites,  and 
surrounding  territory,  are  shown  in  the  northeast  quarter 
of  the  U.  S.  Geological  survey  Topographic  sheet  known  ss 
the  "Stuart  Quadrangle",  a topographic  sheet  on  the  seals 
of  1 to  62500,  having  a contour  Interval  of  20  feet.  (Bee 
Plate  1). 


OTOLOGY 

Tbs  rocks  comprising  this  port  of  Virginia  are 
known  as  aetsaorphlo  rocks  end  belong  to  the  great  group 
of  erystalline  recks  designated  as  of  pre-Cambrian  Age. 

All  of  the  rocks  outcropping  and  oo our ring 
around  the  two  dam  sites  belong  to  this  group  of  intensely 
metamorphosed  and  altered  crystalline  rooks.  The  rooks 
consist  of  s sohlstose  series  of  gneisses  of  various  compo- 
sitions, some  layers  being  graphitic,  some  serloltlo,  and 
some  almost  pure  quarts.  host  of  the  layers  can  be 


designated  a quartz  mica  gneiss,  due  to  the  large  but 
varying  amounts  of  mica  and  quartz  comprising  them.  In 
addition  smaller  amounts  of  other  rock-forming  minerals 
oecur  in  these  layers.  Xnterbedded  In  these  series  of 
quartz  mica  gneisses  occur  a number  of  layers  of  a rook 
known  as  greenstone,  which  is  composed  primarily  of  horn- 
blend.  . ri  i. 

It  is  considered  from  an  examination  of  thin 
seotions  of  rook  from  the  drill  holes  at  both  dam  sites 
that  the  quarts  mica  gneisses  of  various  compositions 
were  originally  sedimentary  rooks,  containing  in  some  of 
the  layers  a small  amount  of  calcium  i-&rbonate,  but  not 
sufficient  to  oause  solution  channels  or  danger  from 
leakage  due  to  a dissolving  out  of  such  calcium  carbon- 
ate content.  Interbedded  with  these  altered  sediments 
at  the  Big  Bend  Dam  Site  occur  several  layers  of  green- 
stone* These  layers  of  greenstone,  now  composed  almost 
entirely  of  hornblende  may  have  originally  either  been 
aills  of  baalo  igneous  rook  which  came  into  this  sedimen- 
tary series  in  pre-Cambrian  Times,  or  may  have  been  origi- 
nally just  other  layers  of  tho  sedimentary  series  which 
eontalned  a higher  calcium  oontent  which,  when  subjected 
to  the  metamorphie  foroes  to  which  this  region  has  bean 
subjected  in  the  paat,  oould  have  been  altered  to  ths 
present  type  of  greenstone  rook  which  oocurs  In  this  aeo- 
tlon. 


Irrespective  of  the  original  origin  of  these 
green atone  layers,  they  are  now  donee  layers  of  rock  node 
up  almost  entirely  of  hornblendi  and  lying  parallel  to 
the  quarts  mica  gnelaeea  of  varying  composition  which 
occur  between  then* 

All  of  the  rock  series  at  both  dun  sltea  show 
varying  degrees  of  foliation  ana  sohistoeity.  strike 
and  dip  observations  taken  on  these  rooks  relate  entirely 
to  the  planes  of  achistoslty,  which  are  prominently  devel- 
oped throughout  this  region*  Zt  is,  however,  thought 
that  the  achistoslty  developed  at  both  sltea  is  locally 
at  least  parallel  to  the  old  original  bedding  planes  of 
the highly  altered  pre-Cambrian  sedimentary  rocks* 

A study  of  these  rooke  shows  at  least  three  per- 
iods of  folding,  which  can  be  distinctly  recognized  at 
the  present  time,  but  It  le  not  known  how  many  othor  per- 
iods of  folding  ante-dated  the  three  that  a an  now  be  dis- 
tinguished. The so  dlstlnot  periods  of  folding  have 

naturally  fractured  the  rooks  In  many  different  ways  and 
have  developed  planes  of  weakness  along  definite  lines  in 
oertaln  places* 

On  the  eastern  front  of  the  blue  Ridge,  about . 
five  miles  east  of  tha  dam  alto  area,  there  Is  evidence 
of  thrust  faulting  and  also  normal  faulting,  but  as  those 
lines  of  disturbances  roughly  parallel  the  front  of  the 
Blye  Ridge,  whloh  has  a direction  of  approximately  H*60°B., 


those  linos  do  not  cut  Into  daw  slto  and  reservoir  areas • 

At  the  Dig  Bond  Dsn  Sits,  the  service  rood  built 
ln£o  tho  selected  daa  slto,  shows  la  one  of  tho  outs  aado 
la  September,  1930,  tho  prooonoo  o £ a normal  fault,  which 
lo  almost  vertloal  and  approximately  parallel  to  tho  top 
of  tho  ridge  just  to  tho  west  of  tho  Don  River  at  Con 
Sites  Moo.  21  and  22*  Although  thl*  fault  lo  only 
several  hundred  feet  from  tho  Don  Rlvor,  its  dirootlon  is 
such  as  not  to  affect  adversely  the  dan  sites  just  mentioned. 

A detailed  study  of  all  of  these  complicated  geo- 
logical factors  baa  been  necessary  In  ordor  to  dotomlno 
where  proper  foundation  oonditior.s  exist  for  the  location 
of  dams  at  joint  Lookout  and  in  the  Big  Bend  region* 

GEOLOGY  AKD  SYTHJCTJ73E  OP  !»OOTS 
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POTKT  LOO^SST  D.MI 

At  the  Point  Lookout  baa  Sites,  che  pre-Cambrian 
crystalline  rocka  oonelet  of  a ear lee  of  quarts  mica  gneisses 
formed  by  metaoorphlsa  of  pre-Ccobrlan  sediments.  Certain 
of  these  gneloelo  layers  contain  about  three  or  four  per- 
oent  calcium  carbonate,  which  la  thin  rock  seotlona  Is  mown 
now  to  bs  in  the  form  of  crystalline  calcium  carbonate 

acting  so  a oemanting  material  in  Isolated  and  not  in  conti- 
guous places* 


An  analysis  of  a large  sample  of  rook  from  the 
service  road  to  the  Point  Lookout  Dam  51 tee, at  a point 
about  half  way  from  the  top  to  the  bottom  of  the  gorge 
on  thin  road,  shows  that  particular  layer  of  rock  to  con- 
tain 3.72  percent  calcium  • carbonate.  This  analysis 
was  made  of  a sample  of  stone  collected  by  the  Consulting 
Geologist,  fend  analysed  by  Frcehling  and  noberteon,  Ino», 
of  filohaood,  Virginia. 

The  original  location  at  point  Lookout  was  known 
as  Dam  Site  Ho*  1.  It  was  located  near  the  center  line 
of  the  rook  slide  from  the  point  Lookout  bluff,  and  was 
ooadomnod  on  goologloal  grounds  dlacuasod  further  on  In 
this  Report. 

The  consulting  Geologist  recommended  a site  to 
be  drilled,  which  wae  originally  deelgnated  as  Dorn  Site 
Vo.  1.  This  site  wae  downstream  about  23  feet  from  the 
downstream  aide  of  the  rock  slide  just  mentioned.  This 
le  practically  the  same  site  as  was  deelgnated  later  Dam 
Slta  No*  16  by  the  Engineers*  Instead  of  drilling  the 
site  recommended  by  the  consulting  Geologist  a site, 
known  as  Dam  aifce  Ho*  5,  about  73  feet  downstream  from 
the  junction  of  hound  Meadow  Creek  and  the  Dan  ttivar  and 
approximately  200  fast  upatroam  from  the  rock  slide  area 
above-mentioned,  was  aalaetsd  by  the  Engineers  and  drill- 
ing was  started  without  the  knowledge  of  the  Consulting 
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Geologist,  although  this  atrotch  of  the  river  had  been 
previously  condemned  by  the  Consulting  Geologist*  Details 
of  the  geological  reasons  for  condemning  this  area  sro 
given  later  on  in  this  Report* 

Dan  Site  Ho*  17  Is  about  25  or  30  feet  upstream 
from  Dam  Site  no*  16,  the  site  selected  by  the  Designing 
Engineer*  Dam  Site  So*  16,  as  already  mentioned.  Is  prac- 
tically ldontleal  with  the  original  Dam  Site  Ho*  11,  the 
two  sites  being  only  3 or  4 feet  apart*  Dam  Site  Ho* 

16  is  dlsouesed  after  the  "character  and  Weathering  of 
Sehlstosity*  and  before  Dam  Site  Vo,  17,  as  the  nearest 
drilling  done  to  Dob  Site  Ho.  17  is  on  the  location  of 
Dam  Site  So*  16,  end  the  information  on  which  the  location 
Of  Dam  Site  No*  17  is  based  Is  only  the  partial  Informa- 
tion obtained  from  drilling  Dan  Slto  Ho*  16* 

Character  and  feathering  of  Sehlstosity  for  the  Point  Look- 
out Dam  Slteat  For  all  of  the  Point  Lookout  Dam  Site 
locations  the  general  strike  of  the  sohletoslty  of  the 
quarts  mica  gneiss  In  this  region  is  from  H*  46°  5*  to* 

f 

H*  66°  E. , and  the  dip  of  the  aehlstoslty  varloe  from 
60°  to  the  South  East  to  BO®  to  the  South  East*  A 
cross  section  taken  at  right  angles  to  the  strike  of  the 
sehlstosity  and  showing  the  general  dip  of  the  sehlstosity 
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at  the  point  Lookout  Dab  Site  IIo.  IS  la  attached.  This 
cross  seotion  shows  that  tha  ochlatoelty  is  steeper  la 
tho  bottom  of  the  gorge  than  it  la  on  the  sides  of  tha 
gorge  at  the  level  of  the  top  of  the  proposed  dam, 

A detailed  study  of  the  core  drill  holes 
drilled  at  Las  Alto  locations  11,  IS  and  16,  along  this 
seotion,  shows  that  lines  of  weathering,  that  Is  the 
lines  along  which  the  ground  water  has  peroolated  downward 
and  oauaed  oxidation  and  weathering  of  the  rocks,  follows 
definitely  the  lines  of  aebistoslty  and  that  these  lines 
of  weakness  extend  down  on  the  west  side  of  the  Point 
Lookout  Dos  Site  down  to  at  least  the  level  of  tha  stream. 
Placing  Prill  Holes  P-A,  50  and  13  in  thia  same 
plane,  it  can  be  shown  that  the  line  of  weathered  rook 
occurring  in  Drill  Hole  P-A  at  from  41* 1&"  to  41>6&  oocura 
again  in  the  bottoa  of  Drill  Hole  Ho,  50  at  an  elevation 
of  2160  feet  above  as a level,  and  again  occurs  in  tha  bot- 
tom of  Drill  Hole  13  at  an  approximate  elevation  of  2121 
feet  where  the  oore  lose  st  this  elevation  amount e to  2^", 
In  the  same  way  soft,  seathersd  rock  layers  paralleling 
the  achlstoalty  are  found  to  extend  down  to  approximately 
this  same  depth  by  using  data  in  Holes  P-13,  P-62,  p-53 
and  P-53A,  drilled  for  Dorn  Sits  locations  11  and  15,  Xn 
all  of  the  drill  holes  on  the  west  abutment  of  the  Point 
Lookout  Dorn  locations  11,  15  and  16,  soft,  weathered  core 


rook  is  round  within  a few  feat  of  tho  bottom  of  each  hole* 
In  Drill  Hole  Ho*  55,  for  Dan  Site  Ho.  16,  a 45°  hole 
drilled  from  near  the  center  of  the  river  under  the  western 
bank  of  the  stream,  we  find  Iron  stained  joints  at  a depth 
of  48*1",  or  just  7 feet  above  the  bottom  of  this  hole, 
shoving  that  at  a depth  of  approximately  2076  foot  we  have 
rooks  showing  weathering  and  rooks  through  which  lockage 
may  occur. 

PftBofllte  Ho.  16 1 Thin  seotio^s  of  the  rook  from  the 

drill  cores  nearest  to  the  proposed  dam  location  at  Point 
Lookout,  which  were  drilled  for  Dam  Site  Ho.  16,  show  only 
very  minor  amounts  of  calcium  carbonate  occurring  in  the 
rocks  at  the  dam  site.  Thin  rook  aeotioas  were  made 
from  an  average  part  of  the  oore  from  Drill  Holes  P-3, 

P-0,  P-D,  P-F,  and  P-J.  Examinations  of  these  thin 
sections  were  mads  under  the  microscope  to  determine  the 
amount  of  oalolum  carbonate  present  in  crystalline  form. 

In  Drill  Hole  P-B  the  rock,  which  was  shown  to  be  a quarts 
mica  gneiss  with  definite  banding  of  quarts  and  mlou, 
showed  a few  crystals  of  calelte  in  one  pert  of  tho  thin 
section,  as  well  as  other  rook-forming  minerals  in  minor 
amounts.  There  was  not  enough  oalolte  present  to  make 
the  rook  porous  through  the  notion  of  ground  water  In  dis- 
solving out  the  oalolte.  ‘ 


Two  thin  rock  sections  were  made  from  the  core 
of  Drill  Role  P-C,  one  near  the  bottom  of  the  hole  end 
one  about  half  way  down*  The  thin  rock  section  from 
the  bottom  of  tno  hole  showed  no  ealcite,  but  the  thin 
section  made  from  the  core  about  halfway  down  in  this 
hole  showed  several  calolte  crystals  acting  as  a oement- 
ing  material  between  crystals  of  quarts.  The  rook 
in  both  of  these  thin  sections  was  seen  to  be  a quarts 
mica  gneiss  containing  some  garnets,  and  a number  of 
other  rock-forming  minerals  in  minor  amounts. 

The  thin  rook  aeotlon  from  the  core  of  Drill 
Hole  P-D  showed  this  rook  to  be  a quarts  mica  gneiss  with 
one  small  aggregate  of  ealcite  as  a cementing  material  be- 
tween quarts  crystals,  as  oell  as  other  rook-forming 
minerals  in  minor  • amounts.  Again  this  mleroaooplo 
investigation  showed  that  there  waa  not  sufficient  cal- 
otte present  In  the  rook  to  cause  rook  poroalty  by  the 
solution  of  this  mineral. 

The  thin  section  from  the  core  of  Drill  Hole  P-P 
showed  several  small  crystals  of  calotte  with  mica  and 
quarts.  The  rook  was  seen  to  bs  a quarts  mica  gneiss, 
with  some  pyrlte  present  and  also  e few  garnets,  as  well 
ea  other  rock-forming  minerals  in  minor  amounts.  This 
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thin  rook  section  showed  more  oalolte  than  wee  seen  in 
any  of  the  other  thin  aeotlons  made  from  the  cores  of  the 


drill  holes  at  the  Point  Lookout  Data  Site*  However, 
the  - amount  of  oaloite  in  this  thin  rook  section  was  not 
sufficient  to  oause  any  trouble  by  solution  through  the 
action  of  circulating  ground  “eter  In  this  type  of  rook 
as  the  several  caloite  crystals  wero  all  more  or  less 
segregated  together  in  one  part  of  the  thin  rock  section* 
The  thin  rock  section  cade  from  the  core  of 
Drill  Hole  P-H  did  not  show  any  calcite.  Tha  rook  was 
again  seen  to  be  a quarts  mica  gieiss,  with  alternating 
layers  of  mica  and  quarts  containing  garnets  and  pyrite 
and  also  additional  rock-forming  minerals  in  minor  amounts* 
The  thin  rook  section  cade  from  a sample  of  the 
core  of  Drill  Hole  P-J  showed  one  or  two  small  oaloite 
crystals  in  the  mixture  of  quarts  and  mica*  This  thin 
rook  seotion  also  showed  some  pyrite,  as  well  as  additional 
rook-forming  minerals  in  minor  amounts*  The  rook  was  seen 
to  be  s quarts  mloa  gneiss* 

In  all  of  the  thin  rook  seotlons  examined  and 
mentioned  above,  the  calcite  in  no  case  was  found  to  be 
soattered  throughout  the  entire  thin  rook  seotion,  tut, 
wherever  it  was  found,  tha  oaloite  ooourred  only  in  iso- 
lated apota  in  tha  rook  and  than  only  in  minor  amounta  in 
crystalline  form  with  the  quarts  and  mloa  and  other  rook- 
forming minerals.  In  only  on#  drill  hole  in  the  Point 


Lookout  area,  which  was  one  of  the  holes  Grilled  for 
Dam  site  location  Bo*  16,  was  any  oololte  seen  In  auffl- 
v clently  large  crystal  form  to  be  recognised  by  the  eye* 

In  Drill  Hole  P-GO,  at  21*  depth,  one  oaloite  crystal  at 
least  i Inch  across  was  seen  In  the  drill  oore* 

Dan  Site  TTo.  17 1 The  final  location  of  the  Point  Look- 

out ham.  Dam  Lite  Bo*  17,  made  by  the  Designing  Engineer, 
has  aoved  the  dam  location  upstream  approximately  30  feet 
from  Dam  Site  Bo*  Id,  the  area  in  wheh  the  final  drilling 
was  done,  and  has  placed  the  west  side  of  this  dam  on  the 
west  side  of  the  gorge  in  the  edge  of  the  rock  slide  from 
the  high  Point  Lookout  bluff* 

Although  core  drilling  has  been  done  on  the  down- 
stream side  of  this  final  location  none  has  bssn  done  on 
the  upstream  side,  except  Hole  P— K for  abutment  purposes, 
so  that  no  definlts  Information  la  available  as  to  the 
thleknesa  of  tho  rock  slide  on  the  west  side  of  the  gorge 
where  tho  dam  is  now  located*  As  this  location  is  on 
the  edge  of  the  rook  slide.  It  is  logloal  to  assume  that 
the  elide  has  a less  thickness  than  it  would  have  near  its 
oentor  pert,  another  90  to  100  foot  upstream* 

As  each  rock  slide  from  a bluff  acts  in  a slightly 
‘different  manner,  there  Is  no  way  of  definitely  determining 
the  amount  of  rook  debris  lying  on  the  west  elds  of  the 


gorge  at  the  present  dam  site  loootlon  unless  additional 
drilling  is  done  at  this  point,  and  any  subsurface  oontours 
made  to  solid  rock  at  this  point  are  purely  hypothetical* 
The  some  is  true  of  any  contour  lines  drawn  on  the  top  of 
unweathered  rock  on  the  east  side  of  the  present  dam  loca- 
tion, as  no  drill  holes  have  been  dug  except  on  the  down- 
stream side  of  this  location,  the  nearest  ones  being  about 
SO  feet  away  from  the  oenter  line  of  the  proposed  location. 
As  the  sehistoalty  of  the  rock  on  this  olde  cute  across  the 
dsn  location  at  about  an  angle  of  45°  we  have  again  no  way 
of  determining  the  depth  to  solid  rook  except  by  deduet  ions. 
Therefore,  no  maps  showing  contour  elevations  of  solid  rock 
are  given  In  this  Report. 

At  i;am  site  uo.  Id,  soil  or  loose  rook  covering 
varies  from  14*4*  at  Hole  p-k,  approximately  20  feet  up- 
stream from  the  edge  of  the -rock  slide,  to  6 feet  along 
the  hills Ida  line  of  the  dam  site  an  the  west  side  of  the 
gorgdv  while  on  the  river  banks  the  soil  overburden  is 
About  4 foot.  On  the  east  side  of  the  gorge  the  overbur- 
den to  weathered  rook  varies  from  4*8"  to  7*1*  along  the 
line  of  the  dam  site.  so  it  is  logical  to  assume  that  at 
, Site  No*  17  one  will  fuid  at  least  this  much  overburden  and 
probably  more* 


I 
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The  depth  from  the  surface  to  the  unweathered 
rook  on  the  hillside  lino  of  Dan  site  Ho.  16,  on  the  west 
side  of  the  gorge,  varies  from  26* 3"  to  35*7",  but  in 
Hole  P-K,  on  abutment  hole  on  the  west  side  of  the  gorge, 
the  depth  to  good  rook  le  44*3|*.  Taking  Holes  A,  C, 
end  K,  which  in  order  named  are  located  toward  the  edge  of 
the  rock  slide,  it  is  noted  that  -he  depth  to  good  rock 
increases,  being  34*4*  In  Hole  p-*,  33*7“  in  Hole  P-C, 
and  44*  3^*  in  Hole  ?-&•  This  indicates  that  it  will  be 
approximately  40  feet  to  unweathered  rook  at  the  west  end 
of  Dam  Site  Ho.  17* 

If  the  depth  to  unweathered  rock  increases  regu- 
larly upstream  from  such  of  the  other  holes  drilled  on  the 
line  of  Dam  Site  Ho.  16,  It  might  be  estimated  that  the 

depth  to  unweathered  rook  along  the  aro  of  Don  Site  Go.  17 
0 

on  the  west  aids  of  the  gorge  would  vary  from  30  to  35  feet, 
plus  any  additional  depth  due  to  the  edge  of  the  rock  slide. 

These  facts  are  given  as  nothing  moro  than  an  estimate 
based  on  the  foots  given  above. 

On  the  eest  side  of  the  gorge  the  depth  to  good 
rook  varies  from  16*2&n  to  25*0",  these  data  being  obtained 
from  three  holes  drilled  on  the  lino  of  Dam  site  Go.  16. 

A study  of  the  surfoes  topography  on  this  aide  of  the  gorge 
would  indioats  that  the  depth  to  weathered  rook  on  the  line 
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of  Daa  Site  No*  X7  would  bo  at  least  as  deep  as  shown  at 
Site  No*  16 , and  there  la  always  the  possibility  that  It 
might  be  a few  feet  deeper* 

In  order  to  take  care  of  any  leakage  which  nay 
ooour  under  the  Point  Lookout  Dam  Site,  seleoted  by  the 
Designing  Engineer , on  Its  west  side  and  under  the  river 
part  of  the  dam,  grout  holes  should  be  put  down  to  at 
least  an  elevation  of  8,070  feet  above  sea  level  as  the 
atrlke  of  the  sohlstoslty  doee  not  parallel  the  daa  but 
extends  across  the  line  of  the  daa  at  an  angle  of  appro* 
xlmately  45°,  which  would  permit  of  leakage  from  the  re- 
servoir along  such  lines  under  the  daa  Into  the  river 
below*  (See  page  10)* 

From  a geological  standpoint,  it  is  considered 
that  a site  about  30  to  60  feet  downstream  from  the  final 
location  Is  better  than  the  location,  decided  upon  bp  the 
Designing  Engineer,  unloss  additional  drilling  had  been 
dons  to  provs  all  of  the  faots  in  regard  to  this  final 
looatlon  to  be  definitely  satlefeetory*  A location  30 
to  50  feet  downstream  wr>uld  have  kept  entirely  away  froa 
the  edges  of  the  rock  slide  on  the  west  side  of  the  gorge, 
and  one  would  bo  dealing  with  definitely  known  rook  condi- 
tions* 
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Other  Dam  Ljtee  Investigated  at  point  Lookout!  The 
original  dam  alto  at  Point  Lookout,  Pam  Sit*  Ho*  1,  was 
located  In  the  narrowest  port  of  the  gorge,  which  happen- 
ed to  be  In  the  center  of  the  rook  slide  from  point  Look- 
out, this  heavy  slide  of  loose  rook  having  filled  in  the 
gorge  and  made  the  stream  narrowest  at  this  point*  De- 
tailed geologioal  work  showed,  from  a study  of  the  strike 
and  dip  measurements  of  the  outcrops  of  rook  on  the  west 
aide  of  the  gorge,  that  none  of  these  rook  outcrops  were 
in  place,  as  the  sohistoslty  of  these  rock  outcrops  when 
plotted  on  the  nap  showed  a faneshaped  pattern*  Although 
the  geological  investigation  shoved  definitely  the  pre- 
senee  of  this  reek  slide,  the  engineers  wished  to  drill 
several  holes  at  this  point  in  order  to  prove  the  correct- 
ness of  the  geological  facts,  and,  therefore.  Drill  Boles 
P-1,  2 and  3 were  drilled  in  the  rook  slide  area  and  showed 
that  the  geological  facts  as  stated  by  the  Consulting  Geo- 
logist were  oorreot* 

Dam  Site  Ho*  Si  The  site  recommended  by  the  Consulting 
Geologist  ae  the  one  then  to  b«  drilled  was  designated  as 
Dam  Site  no*  11  and  was  about  25  feet  downstream  from  the 
rook  slide*  This  is  preotloelly  the  asms  site  as  was 
Ister  given  the  Humber  16  by  the  engineers* 


Instead  of 


A drill  lug  this  site,  a new  site,  known  as  Dan  Site  Ho* 

5,  about  73  feet  downstream  from  the  Junction  of  Round 
Moadow  Creek  and  the  Dan  River,  and  approximately  200 
feet  upstream  from  th*  rook  slide  area  first  drilled,  was 
selected  by  the  Engineers  and  drilling  waa  started  with- 
out the  knowhedge  of  the  Consulting  Geologist,  although 
previously  this  stretch  of  the  river  bad  bean  condemned 
by  the  Consulting  Geologist*  on  geological  grounds  as 
being  unsuitable  for  the  location  of  the  Point  Lookout 
Dam*  nineteen  holes  were  drilled  on  this  looatlon, 
none  of  which  gave  Information  of  any  geological  value, 
as  all  of  this  drilling  resulted  in  only  condemning  a 
sits  whloh,  as  stated  above,  had  been  condemned  by  the 
- Consulting  Geologist*  All  of  these  holes  were  unneces- 
sary and  none  of  them  should  have  been  drilled* 

At  this  particular  site, the  sohlstosity  of  the 
rooke  paralleled  the  thread  of  the  Dan  River,  and  Just 
upstream  from  this  site  the  Dan  River  turned  sharply  to 
the  southeast  at  the  point  whore  Romd  Meadow  Creek  e erne 
in  from  a direction  slightly  west  of  north,  so  that  the 
sohlstosity  of  the  rooks  on  the  east  side  of  the  gorge 
out  aoross  the  Dan  River  above  and  below  the  proposed 
looatlon  and  made  leakage  through  the  abutment  of  e pro- 
posed dam  at  this  point  too  dangerous  and  made  the  abut- 
ment conditions  too  b»d  to  oonslder  this  site*  On  the 
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vest  aide,  the  sohistoalty  likewise  cut  through  back  of 
the  abutment  from  Round  Meadow  creek  above  this  proposed 
alte  into  the  rook  allde  on  the  vest  aide  of  the  gorge 
below  this  alte,  again  making  leakage  from  the  reservoir 
through  the  meat  abutment  into  the  o green  below  this  pro* 
poeed  alte  a strong  possibility*  All  of  the  so  condi- 
tions were  readily  worked  out  by  the  detailed  geological 
Investigations  made  by  tho  consulting  Geologist  and  were 
the  roeaons  for  ecmdwwting  this  alte  without  drilling* 

Summary  of  all  Sites  Investigated  at  Point  Lookouts  Rhea 
tho  geological  studios  of  this  region  were  completed  It 
waa  determined  that  the  only  eatlafaotory  location,  from 
a foundation  standpoint,  for  the  dam  alte  was  in  that 
section  of  the  river  below  Dam  site  Location  IV  and  above 
Dam  Site  Location  15,  a distance  of  approximately  90  feet 
and  this  fact  was  reported  to  the  proper  officials  of  the 
City  of  Danville  end  to  Charles  T#  Haln,  Zno« 

/ 

In  the  section  of  the  river  between  Dam  Site 
Vo*  IS  and  Don  Site  Ho*  17,  the  strike  of  the  sohlstoalty 
of  the  rock  which  varies  from  N.  45°E«,  to  H»  50°  E«, 
eroasoe  the  thread  of  the  river  at  on  oblique  angle,  so 
that  any  leakage  along  lines  of  weakness  paralleling  the 
planes  of  schlatoslty  will  ba  much  more  easily  stopped 


„»  PACK  IS  BEST  »IULIH  PEACIICABM 
FROM  OOP*  FURNISHED  10  W>.Q  


than  where  the  eohistoslty  parallels  the  thread  of  the 
river  above  the  rock  slide,  the  loner  edge  of  which  la 
at  Pa a Site  Ho*  17 • in  addition  to  this  fact  the 
rook  outcrops  ere  more  massive  and  more  continuous  on 
both  sides  of  the  river  in  the  section  selected  than  in 
the  sections  above  and  below*  Within  this  seat  Ion,  be- 
tween Pam  Shite  Locations  15  to  17,  a distance  of  approxi- 
mately 30  foot*  it  1s  decirsble,  as  already  mentionsd, 
to  stay  slightly  downstream  from  Dam  Site  Ho*  17,  so  as 
to  get  away  from  the  edge  of  the  rook  slide  of  the  high 
bluff*  Reeorssendatlons  consistently  have  been  made 
throughout  the  progress  of  this  work  that  a alts  slightly 
downstream  from  17  and  upstream  from  10  be  selootod  as  the 
best  site  from  a geological  standpoint* 

Dam  Sites  11,  IS,  16  and  17  ore  all  located 
very  dose  to^ofchvr,  Pen  Pits  Ho5.  IS  bolng  approximately 
80  feet  downstream  from  Pea  site  Ho*  Id,  and  Pain  Pita  Ho* 
16  being  approximately  26  feet  downstream  from  Pam  Sits 
Ho*  17*  Dam  Sites  11  end  10  ore  at  almost  the  same  or 
identical  locations,  as  they  ore  located  only  5 or  4 foot 
apart*  The  drilling  in  connection  with  those  four  dam 
sites  was  started  at  first  for  Dam  Cite  Ho*  11*  Dus  to 
the  faot  that  the  Designing  Engineer  did  not  consider 
that  the  western  abutment  was  satisfactory,  drilling  was 
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moved  downstream  to  Cam  Site  llo.  IS,  then  upstream  to 
Dem  Site  Ho.  16,  and  Dan  Site  Ho.  17  was  finally  located 
approximately  26  feet  upstream  from  the  drilling  dome 
for  Cam  Site  Ho.  16. 


RBCOtfMEHPATIOim 

RecoTOsendatio-e  on  the  Point  Lookout  Pam  site 
as  well  as  the  3ig  hand  Cam  site,  ore  given  at  the  «•"«<  of 
the  entire  Report. 
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GEOLOGY  AND  STRUCTURE  OP  ROCKS 

-Tj, 

BIG  onHiiTi ttt  SITES 


Original  Big  Bend  Dam  Site  at  Big  Bend  (Site  A)t  At  the 

original  Big  Bend  Dam  Site  (Site  A)  the  pre-Cambrian  rooka  * 

consist  of  a series  of  quartz  mica  gneisses*  At  this 

point  the  general  strike  of  the  schistoslty  of  these  gneisses 

is  from  N*  45°  E«,  to  H.  60°  E«,  and  the  dip  of  the  sohisto- 

o o 

sity,  which  is  to  the  southeast,  varies  from  60  to  80  * 

The  original  Big  Bend  Dam  Site  was  located  on 
the  Dan  River  just  below  the  mouth  of  Ivy  Creek*  The 
first  geological  investigations  were  made  at  this  point  and 
showed  that  the  west  abutment  of  the  dam  was  against  a long 
narrow  ridge  formed  by  the  Big  Bend  of  the  Dan  River,  while 
the  east  abutment  of  the  o&m  was  against  a narrow  ridge  ly- 
ing between  the  Dan  River  and  Ivy  Creek*  Both  of  the 
abutments  to  this  propo  sed  dam  were  on  narrow  ridges  where 
leakage  conditions  are  undoubtedly  bad.  The  schistoslty 
of  the  gnelsslo  rocks  was  at  right  angles  to  both  of  these 
ridges,  so  that  the  lines  of  weathering  along  the  planes 
of  schistoslty  extend  across  the  narrow  point  of  both  of 

these  ridges  and  would  undoubtedly  ’ PJ^mlt  leakage  from  the 
reservoir  Into  the  Dan  River  below  the  proposed  dam  site* 

This  would  have  called  for  excessive  grouting  on  both  of 


the a a narrow  ridges p with  also  the  possibility  that  such 
grouting  would  not  have  stopped  the  desired  amount  of  leak- 
age. These  detailed  studies  of  the  geology  at  this  ori- 
ginal site  showed  the  geological  conditions  were  so  unfavor- 
able for  the  location  of  a dam  the  height  desired  by  the 
Engineers  that  this  site  was  condemned  and  abandoned* 

pamKites  1 to  8.  All  Downstream  from  Big  Bendt  Following 
the  request  of  the  Engineers  that  the  first  site  below  this 
point  on  the  Dan  River  where  geological  conditions  were 
satisfactory  would  be  the  point  where  they  would  prefer  to 
locate  a dam*  a study  was  started  of  the  upper  Dan  River 
Gorge.  Sites  from  1 to  8 were  investigated  (see  attached 
map  for  locations).  Cross  sections  of  the  gorge  made  by 
the  Engineers  showed  that  the  atretoh  of  the  river  at  Sites 
5 and  6 were  narrowest.  Detailed  geological  investigations 
were  made  at  and  between  these  points*  which  were  only  a few 
hundred  feet  apart.  The  final  locations*  known  as  Dam 
Sites  21  and  22*  are  approximately  at  the  location  of  ori- 
ginal Site  Uo.  5. 

. Dam  Sites  Naa.  5 and  6,  Approximately  2 Miles  Downstream 
from  Original  Big  Bend  Sltei  In  the  stretch  of  the  river 
at  original  locations  5 and  6*  a study  of  the  detalledgeo- 
logy  shows  that  the  crystalline  pre-Cambrian  rocks  consist 
of  a series  of  quarts  mica  gneisses  of  varying  composition 


lnterbedded  with  beds  of  greenstone  composed  mostly  of 
hornblende.  The  strike  of  the  sohistosity  varies  from 

H.  45°  E. , to  H.  60°  E. , and  the  dip  of  the  schlstoslty 

O O _ 

varies  from  50  to  85  to  the  southeast.  The  strike  of 

the  schlstoslty  extends  across  the  Dan  River  at  almost 

right  angles,  and  the  dip  of  the  schlstoslty,  which  is  in 

general  almost  vertloal,  is  downstream. 

Dam  Site  No.  1 (new  series  of  numbers)  Apprcrlmately  Same 
as  Dam  Site  ffo,  6t  The  rbest  site  In  this  stretch  of  the 
river  from  a geological  standpoint  Is  what  is  shown  as 
Site  Bo.  1 on  the  attached  map  showing  the  general  geology 
of  this  area.  This  site  is,  from  a geological  standpoint, 
the  best  of  the  sites  studied,  as  both  the  east  and  weBt 
abutments  of  this  proposed  dam  are  against  the  aides  of 
the  gorge  where  the  bends  of  the  river  do  not  make  narrow 
ridges  and  where  no  leakage  would  occur  around  their  abut- 
ment. Due  to  the  oross  section  at  this  point  being 
greater  than  at  the  other  points  studied  the  Engineers 
considered  it  was  necessary  to  attempt  to  find  a narrower 
oross  section  where  geological  conditions  were  satisfactory, 
or  where  a study  of  these  conditions  would  show  that  any 
weakness  In  the  foundation  or  abutments  could  be  taken  care 
of  by  proper  engineering  prnctlce. 

The  narrowest  oross  section  on  this  section  of 
the  river  was  upstream  several  hundred  feet  from  Site  Ho.  1, 


and  to  thla  narrowest  cross  section  the  designations  Dam 
Sites  He*  21  nnd  22  were  given#  Between  these  two 
sites:;  1 to  D2,  a distance  of  approximately  550  feet, 
severe!  drill  hies  were  put  down  on  the  weet  aide  of  the 
gorge  at  the  then  proposed  reservoir  height  to  see  IT 
satisfactory  oores  could  bs  obtained  which  would  show  the 
presenoe  of  a type  of  unweathered  rook  which  would  suit 
the  Designing  Engineer  for  abutment  purposes#  Although 
two  of  these  holes  showed  ooneidorsble  good  rock  in  the 
drill  cores  and  there  was  ease  a 15  foot  exposed  ledge  of 
hard  quarts  mica  gneiss,  it  was  not  considered  by  the  De- 
signing Engineer  that  sufficient  good  rook  was  p re scut  in 
this  stretch  of  the  river  for  satisfactory  abutments# 

Since  then  the  blasting  done  for  the  service  road  into 
the  dam  site  has  shown  for  a distance  of  250  feet  down- 
stream fro-  the  west  abutment  of  Dam  Site  No#  22  quarts 
mica  gneiss  vhioh  is  considered  satisfactory  for  abutment 
purposes  by  the  Consulting  Otologist# 

Dam  Sites  Nos#  21  and  22  (new  series  of  numbers)  Approxi- 
mately same  as  Dam  Sits  Ho#  5«  Drilling  was  then  concen- 
trated at  Dam  locations  21  and  22  (the  arcs  of  these  two 
locations  cross  on  the  east  bank  of  the  river)  although 
the  east  abutment  of  both  of  these  dam  sites  is  against  e 
narrow  ridge  made  by  the  bend  of  tho  Don  River  where  geolo- 
gical conditions  are  most  unfavorable  end  where  leakage 


will  undoubtedly  occur,  which  will  have  to  he  stopped  by 
proper  engineering  practice* 

Drilling  at  Dam  Sites  Nos*  21  and  22  showed  sat- 
isfactory foundation  conditions  to  exist  along  the  aro  of 
either  of  these  dam  sites,  and  satisfactory  abutment  condi- 
tions to  exist  at  the  west  abutment  of  both  sites* 

Pinal  drill  holes  put  down  to  determine  the  foun- 
dation conditions  for  Dam  Site  No*  22  showed  overburden  to 
vary  from  two  feet  to  sixteen  feet,  and  the  top  of  unweath- 
ered rock  to  vary  from  six  feet  below  the  surface  to  54 
feet  below  the  surface,  the  greater  depths  to  the  unweather- 
ed rook  occurring  on  the  upper  portion  of  the  aro  on  the 
west  side  of  the  river,  where,  although  the  rock  is  deeply 
weathered,  abutment  conditions  are  excellent* 

The  entire  west  bank  of  the  river  between  Dam 
Site  No*  1 and  Dam  Site  No*  22  is  more  deeply  weathered 
than  on  the  east  side,  and  depths  to  unweathered  xck  are 
much  greater  than  on  the  east  side  of  the  gorge*  Below 
the  first  unweathered  rock  there  oocur  weathered  schistose 
rook  in  narrow  planes  parallel  to  the  sohistoslty,  which 
cones  will  continue  below  the  dam  foundations  and  should  be 
grouted  If  excessive  leakage  is  to  be  prevented* 

However,  the  geological  conditions  along  the  aro 
of  Sites  No*  21  and  22  and  the  character  of  rooks  along 
these  aroa  are  considered  satisfactory  for  dam  foundation 


purposes* 


r>nw  site  Ho.  22i  Thin  rock  sections  were  made  of  cores 
of  holes  drilled  along  the  aro  or  in  close  proximity  to 
the  aro  of  Dam  Site  Ho.  22.  The  thin  rook  section  made 
from  part  of  the  core  from  Drill  Hole  B-222  showed  the 
rook  to  he  a quarts  miougneiss  containing  muoh  pyrite  as 
an  impurity,  and  alao  other  rook-forming  minerals.  Ho 
oalcite  was  present. 

The  thin  rock  section  from  part  of  the  core  of 
Drill  Hole  Ho.  223  was  in  what  is  known  as  greenstone 
and  showed  that  this  rock  was  made  up  almost  entirely  of 
crystalline  hornhlentf,  with  accessory  rock-forming 
minerals. 

The  thin  rock  section  6f  part  of  the  core  of 
Drill  Hole  Ho.  B-2J& 6 was  also  in  j^eenstone  and  showed 
that  this  rook  was  of  the  same  oharaoter  as  rook  in  Drill 

Hole  Ho.  B-223. 

The  thin  rook  section  from  part  of  the  core  of 
Drill  Hole  Ho*  B-224  shows  this  rock  to  he  primarily  a 
mica  schist,  full  of  small  drag  fide  and  having  considera- 
ble pyrite  following  these  small  folds.  No  caloite  is 
present  hut  quart*  and  garnets  do  ooour,  as  well  as  other 
rook— f ormlng  minerals. 

The  rook  seotion  from  part  of  the  core  of 

prill  Hole  Ho.  B-230  showed  this  rook  to  he  a quart*  mica 
gneiss,  handed  with  graphite  gnel|s.  It  oontalna  muoh 


80  a mall  that  It  would  not  affeot  tho  solubility  of  thaaa 
rooks  when  considered  from  tho  standpoint  of  dam  founda- 
tions* 

Tho  sohistosity  of  theso  crystalline  rooks  appears 
to  be  roughly  parallel  to  the  original  bedding  of  these 
rocks*  Those  rocks , with  the  exception  of  the  greenstone , * 
are  of  a type  that  would  weather  more  deeply  than  the  quarts 
mica  gneisses  found  at  the  Point  T^ookcut  site  whih  contain, 
aa  a rule,  store  qusrts  although  there  are  one  or  two  10  or 
15  foot  layers  of  the  quarts  uiica  jciblcs  ut  the  altos  being 
discus  red  which  contain  much  quartz  and  are  very  massive 
and  real  stent  to  weathering*  They  show  up  beautifully  in 
the  outs  of  the  service  road  which  was  octuple  tad  in  Septem- 
ber, 1050,  to  the  Big  Bend  Site* 

Dam  Site  No*  22,  which  it  is  understood  is  the 
final  selection  of  the  Designing  Engineer  for  the  location 
of  the  so-oollod  Big  Bend  Dam,  lios  entirely  in  quartz 
mica  gneiss  of  varying  composition*  Tho  west  abutment  of 

this  dam  is  In  quartz  ales  gneiss  and  approximately  50  feet 

« 

from  the  upstroaa  edge  of  a masoive  greenatone  layer,  while 
the  east  abutment  is  approximately  25  feet  from  the  upstream 
edge  of  this  same  maoclre  rreenntone  layer. 

These  statements  are  baaodon  th-i  location  of  the 

dam  aa  shown  on  ixfalblt  G,  Sheet  l of  tho  f lunacies  hydro- 

Blectrio  Projoot,  with  a reservoir  level  elevation  Of  2552 
feet* 


Detailed  Studies  of  Narrow  Ridge  on  whleh  East  Abutment 


of  Dam  Site  No.  22  Is  Dooatedi  The  looatlon  of  the 
east  abutment  of  the  dam  le  of  considerable  importance, 
as  this  abutment  is  located  on  a long,  narrow  ridge  through 
which  leakage  will  undoubtedly  occur  from  the  reservoir 
formed  by  the  dam  Into  the  river  below  unless  this  leakage 
is  taken  care  of  by  proper  engineering  praotloe*  Between 
this  east  abutment  and  the  top  of  the  narrow  ridge  which 
occurs  on  this  side  of  the  river  at  Drill  Hole  Ho.  502  there 
are  several  hundred  feet  of  rock  through  which  leakr  e will 
occur,  as  the  water  table  in  this  ridge  between  the  abut- 
ment and  to  within  a few  feet  of  Drill  Hole  tlo.  302  Is  be- 
low the  elevation  of  the  proposed  reservoir  water  level. 

Drill  Hole  Ho.  301,  put  down  on  the  top  of  the 
ridge  near  the  east  abutment  and  In  the  greenstone  above- 
referred  to,  had  a bottom  elevation  of  approximately  2510 
feet  and  no  water  remained  in  this  hole  although  it  was 
tested  continuously  throughout  the  entire  summer  and  fall 
of  1936  to  see  if  it  contained  water  at  any  time.  This 
greenstone  is  a dense  rock,  fractured  by  Jointing  produced 
through  the  folding  forces  to  uhloh  all  of  these  rocks  have 
been  subjected. 

A cross  section  of  the  ridge  showing  this  hole 
and  eight  other  drill  holes  which  were  put  down  along  the 
crest  of  this  ridge  is  attached,  which  shows  the  level  of 


the  water  table  on  July  28,  1936,  on  August  17,  1936,  and 
on  September  21,  1936,  which  later  date  was  the  date  on 
which  the  lowest  water  table  elevation  was  reached,  for* 
in  October  the  water  table  started  to  rise  slightly. 

In  addition  to  the  water  table,  the  attached 
cross  section  shows  the  depth  to  hard  rock  and  the  depth 
of  soil  overburden. 

Nine  drill  holes  were  put  down  along  the  top 
of  this  ridge  as  it  was  known  that  the  geologioal  condi- 
tians  along  this  ridge  at  the  east  abutment  of  the  propo- 
sed dam  were  very  poor.  It  should  be  noted  that  the 
water  table  line,  given  on  July  28,  1936,  was  only  between 
Boles  No.  303  end  302.  From  Drill  Holes  No.  3GE  to  301 
no  data  was  available  on  the  top  of  the  water  table,  as 
on  that  date  the  top  of  the  water  table  was  below  the  bot- 
tom of  Hole  No.  301  and  below  elevation  2822  in  Hole  No. 
309,  which  was  as  deep  as  any  tests  oould  be  made  In  that 
hole  on  that  date  as  the  lower  two  feet  of  this  hole  had 
caved  in.  The  reservoir  water  table  is  given  on  the 
attached  cross  seotlon  at  2532  feet  above  sea  level.  If 
this  is  the  elevation  used  when  the  dam  is  constructed 
the  water  table  of  July  28  would  be  above  this  elevation, 
except  between  Drill  Holes  No.  302  and  the  east  abutment 
of  the  dam,  a distance  of  about  240  feet.  The  lowest 
water  table  obtained  to  date  was  on  September  21,  1936, 


at  which  time  this  water  table  parallels  the  water  table 
of  July  28  between  Drill  Holes  No*  302  and  306,  being  appro 
ximately  6 to  10  feet  below  the  July  28  level*  No  water 
table  level  Is  given  on  the  September  date  for  Hole  No* 

300 A,  which  lies  between  Drill  Holes  Nos*  306  and  308,  due 
to  the  fact  that  this  hole  evidently  oaved  - at  a depth  of 
77  feet  below  the  surface, or  at  an  elevation  of  2S85  feet, 
but  in  Drill  Hole  No.  308  the  September  21  water  level  is 
approximately  8 feet  lower  than  the  July  28  level*  As 

' 

Hole  No*  300-A  caved  at  an  elevation  of  2585,  the  water 
table  In  this  hole  on  the  September  date  was  below  this 
elevation,  and  it  is  estimated  it  was  on  the  September  date 
at  approximately  2578  feet  elevation  or  7 feet  below  the 
point  at  which  the  hole  caved*  The  Information  on  this 
hole  caving  was  obtained  from  Mr.  D*  J*  Shea,  Resident 
Engineer,  In  letter  dated  January  16,  1037* 

Attached  are  the  observations  made  undor  the  di- 
rection of  the  Engineers  at  the  request  of  the  Consulting 
Otologist  on  the  water  level  in  the  drill  holes  on  the 
ridge  at  the  east  abutment  of  the  dam*  It  will  be  noted 
I that  throughout  the  entire  time  that  observations  were  made 

no  water  level  occurred  in  Holes  Nos*  301  and  309,  and 
that  from  August  1 to  August  5 no  observations  were  made  in 
Hole  No*  302,  and  that  after  August  17  no  water  was  found 
in  Holes  Nos*  300A  or  307*  The  8 foot  drop  of  water 


ELEVATIOH  OP  V7ATSR  IW  RIDGE  HOLES 


Month  of  July  1036 


HUB  ELLY* 

2668*0 

2613*9 

2620*3 

2650.0 

HOLE  HO* 
DATE 

300A 

901 

303 

306 

TXUB 

RfcUAiiKS 

81 

8606*1 

noffater 

2569*0 

8566*5 

B|30  A *11* 

( shower  from  13  - 

88 

2606.1 

a a 

2568*8 

2556*5 

8*30  A.U* 

( to  1*00  -21 

89 

' 2586*2 

a a 

2568*8 

2566*4 

9*00  A*M* 

(Hard  rain  4»30- 

84 

8586*8 

a a 

2558*8 

2566*5 

9tOOttA.il* 

(5t30P*U*  -23rd* 

85 

2586*5 

a a 

2558*6 

2566*5 

8*30  A.U* 

87 

2586*4 

a a 

2658*5 

2566*5 

8*30  A.M* 

<40»-l  * 60*  of 
(lfl*  put  in  302 

88 

8586,9 

a a 

2558*8 

2569*5 

9*00  A.U* 

(Kurd  Rain  2*00- 

90 

2585*2 

a a 

2553*8 

2568*4 

9*00  A.M* 

(4*00  P.M.  -29th 

91 

8585*9 

a a 

2568*8 

2566.5 

9*00  A*M* 

Month  of  Aurenot  1936 


1 

2585*7 

a , a 

2508*0 

<;560*0 

9*00  A.U* 

9 

2585*7 

a a 

2566*0 

8*45  A.U. 

(lost or  would  no* 

(go  by  53*5  In  X 

4 

2585*5 

a 

2566*9 

9*00  A.M* 

Ditto 

5 

2585*4 

a 

2566*0 

9*00  A.M* 

(Card  ruin  11*45* 

< 12*45  P.M. 

6 

2585*3 

a 

2560*3 

2566.0 

10*00  A.M* 

Rain  3 to  4 P.M. 

7 

2585*2 

a 

2561*4 

2565*8 

OtOO  A.M* 

Rain  3 to  7 P.M. 

8 

2585*2 

a 

2566*0 

8*30  A.M. 

to  10.00  r Wi. 

19 

2585*0 

a 

< 2S62.0 

2565.7 

9*45  A.U* 

Rain  12*30-5  P.i 

11 

2584*8 

a 

2562*1 

2565*6 

9*46  A.M* 

12 

2584.8 

a 

2562.0 

2565*5 

9*15  A.M* 

13 

Hoft&ter 

a 

2561.9 

2565*5 

1*00  P.M* 

14 

2584*6 

a 

2361*7 

2565*5 

9*00  A.IJ. 

15 

2584*6 

a 

2561*5 

2563*4 

9*15  A.U* 

(liuln*  alow  3*3( 
(to  6*00  P.M. 

17 

2584*6 

a 

2563*0 

2565*3 

8*45  A.M. 

(Itr..n  8-10  P.M* 

( AUo*  16* 

18 

• Senator 

a 

2561.9 

2563*2 

9*00  A.M* 

21 

n « 

a 

2561*4 

2564*9 

9*00  A*M* 

31 

. a a 

a 

2560.8 

2564*4 

8*45  A.U* 

Month  of  September  1956 


HUB  ELLY. 

2662.0 

2613.3 

2620.3 

2650.0 

HOLE  NO. 

3 00 A 

301 

308 

306 

TIMS 

DATS 

1 

Hoffater 

Qoffatsr 

25C0.2 

2564.4 

2t00  P.U. 

8 

■ m 

■ n 

2560.3 

2564.3 

8|45  A.M. 

7 

9 

• 

. m n 

2500.0 

2564.1 

8»45  A.M. 

14 

• 

■ 

• o 

2550.1 

2563.6 

OtOO  A.M. 

81 

■ 

ft 

■ • 

2558.3 

2563.3 

9|45  A.M* 

REMARKS 


Month  of  October  1936 


8 

ft 

• 

9 

ft 

2559.9 

2568.7 

8(30  A.M. I 

{ 

[Heavy  Halna 
[Sept.  29  & 30. 

IS 

• 

• 

9 

9 

2559.8 

2568.2 

8*30  A.M. I 

[Rain  7,  8 & 9. 

19 

• 

ft 

9 

9 

2563.1 

2568.0 

8«30  A. U.l 
( 

Heavy  Rain  16th 
[Light  Rain  17th 

26 

■ 

' 9 

9 

9 

2561.9 

2561.7 

8|45  A.M. 

. 

HUB  ELKV. 

2695*0 

8654*7  2616*0 

TIME 

REMARKS 

HOLE  NO* 
DATE 

307 

308 

300 

81 

8537*0 

8573*1  Ho  Hater 

8*30  A.U. 

309  Caved  at  2580* 

88 

2536.0 

8572.0 

■ a 

8|30  A.M* 

309  Caved  at  8520* 

(Shower  from  11.45- 
(1*00  on  21st* 

89 

8636.8 

2572*0 

a a 

0*00  A.M* 

300  Caved  at  8522* 

84 

2536*0 

2573*1 

a a 

0*00  A.M* 

309  Caved  at  2522* 

(Tlard  Rain  2 - 4-83 

85 

8536*8 

2572*4 

a a 

8*30  A.M, 

27 

8536.7 

8572*4 

a a 

8*30  A.M. 

' 

88 

8536*7 

2578*4 

a a 

• 

0*00  A.M*  (Hard  Rain  2 to  4 a 

8671*0 

(July  80* 

90 

8536*6 

a a 

0*00  A.M. 

91 

8536*7 

8572*8 

0*00  A.M. 

• 

Month  of 

AvUTuat 

1938 

1 

2636*5 

8571*0 

a a 

0*00  A.M. 

9 

2536.0 

2571*9 

a a 

8*45  A.U*  (Tester  won 

4 

8536.0 

8571*8 

a a 

0*00  A.M* 

0 

8535*0 

2571*8 

a a 

OiOOA.M.  (Hard  Rain  11*45  to 

(18*45  P.U* 

6 

2535*8 

8571.8 

a a 

10»00  A.U. 

Rain  8-4  P*U. 

7 

8535*8 

2571*2 

a a 

9*00  A.U. 

[Slow  Rain  3 to  7 P 

8 

8535*7 

2571*4 

a a 

8*30  A.M* 

[to  10:00  A.U.-8th 

10 

2535*7 

8571*4 

a a 

9*45  A.U* 

Rain  18* 30-5* OOP *H 

11 

2535.0 

2571*1 

a a 

9*45  A.U. 

18 

8534.0 

2571*1 

a a 

9*15  A.U* 

19 

2535*1 

2571.0 

a a 

1*00  P.U* 

14 

2535*1 

8571*1 

a a 

9*00  A.U* 

15 

8534*6 

2570*8 

a a 

0*15  A.U.  I 

Rain.  Blow  3*30- 
6*00  P*U* 

17 

2534.7 

2570.4 

a a 

6*45  A.M* 

Rain  8-10  P.U*  16t 

18 

trater 

Past 

Tap* 

2570.5 

a a 

9*00  A.M. 

81 

Relow 

v569*8 

a a 

9*00  A.U* 

51 

Taster 
Mott a ter 

8567*8 

a a 

8|45  A.U* 

Month  of  September  1936 


BOB  KIEV. 
HOLE  NO* 
DATE 

2635.0 

307 

2654*7 

308 

2616*9 

309 

JUOIAHKS 

1 

8 

7 

14 

81 

H o?7a  ter 

N « 

■ • 

■ • 

• a 

2567*4 

2567*6 

8566*5 

8565*4 

8569*0 

No  Uoter 
a a 

a a 

a a 
a a 

2*00  F*Zf« 

0*46  A.M* 

8*45  A.M* 

9*00  A.M. 

9*48  A*M* 

4 

Month 

of  Ootobor  1936 

‘ 8 

18 

19 

86 

a a 

a 

a a 

a a 

8564*6 

2563*7 

8564*3 

8563*6 

a a 

a a 

a a 

a a 

8*30  A.M.  (Heavy  Naina  Sept* 
(89  & 30* 

8*30  A*U«  Rain  7,  8 and  9, 
8*30  A*U.  Heavy  rain  Oct*  16. 
8*49  A.M*  Lisht  rain  Oot.  17. 

which  was  the  average  lowering  In  the  water  table  from 
July  28  to  September  21  would  carry  the  water  table 
to  just  below  the  bottom  of  H ole  Ho.  307,  and  would  carry 
it  below  the  elevation  of  2532,  which  it  la  under atocd  la 
the  proposed  water  level  of  the  reservoir.  TUs  would 
mean  that  epeolal  attention  should  also  be  paid  to  atop* 
ping  reservoir  leakage  around  Drill  Hole  Ho.  307. 

Xt  should  be  noted  that  a particularly  soft  layer 
of  gneiss  containing  a certain  amount  of  sericlte  occurring 
at  Drill  Hole  302  la  responsible  for  the  deep  overburden  at 
this  point,  and  that  the  layer  of  greenstone  starting  at 
Drill  Hole  Ho.  309  and  extending  down  the  ridge  approximate- 
ly 115  feet  shows  very  little  weathering  compared  to  the 
weathering  of  the  gnelsslo  layers.  Xt  should  also  be 
noted  that  the  greenstone  occurring  at  this  point,  where 
the  ridge  Is  very  narrow,  la  badly  fractured  and  that  the 
water  table  drops  to  an  unknown  depth  In  this  rook.  Xt 
Is  a type  of  rook  which  can  bp  grouted  easily. 

Xt  should  also  be  noted  that  where  a similar  green- 
stone ledge  occurs  where  the  ridge  is  wide  at  Drill  Hole  Ho. 
308  that  the  water  table  is  found  to  occur  at  a satisfactory 
level. 

The  faot  that  the  aohlstoalty  of  all  of  theae  rook 
layers  extends  at  right  anglea  aoroas  the  narrow  part  of 
the  ridge  makes  a bad  geological  condition,  aa  leakage  will 


* 


oo our  along  the  weathered  planes  of  schlatoslty  which  cut 
aoross  the  narrow  part  of  the  ridge  at  almost  a right 
angle. 

The  results  of  the  core  drilling  of  this  ridge 
shows  that  between  Drill  Hole  No.  302  and  the  east  abut- 
ment of  the  proposed  dam  site  there  is  a stretch  of  rock 
partly  greenstone  and  partly  gneiss  of  varying  composition 
through  which  leakage  will  occur,  but  It  la  considered 
that  this  leakage  can  be  stopped  by  proper  engineering 
praotloe.  This  is  a distance  of  approximately  240  feet. 
Throughout  most  of  the  remainder  of  this  distance  the  top 
of  the  water  table,  which  is  only  based  on  records  kept 
for  several  months  since  these  drill  holes  were  completed. 
Is  above  the  top  of  the  proposed  reservoir  to  be  formed 
by  the  building  of  the  proposed  dam. 

Normal  Fault  In  Big  Bend  Dam  Site  Areai  A normal  fault 
occurs  on  the  west  side  of  the  ridge  which  forms  the  west 
abutment  to  Dam  Sites  Nos.  21  and  22.  It  is  exposed  at 
Station  220-50  on  the  service  road  into  this  da«*  site  area, 
where  thJi  normal  fault  cuts  off  part  of  the  greenstone 
layer  which  crosses  the  river  a few  feet  down  stream  from 
„ Dam  Sites  Nos.  21  and  22.  This  fauxt  expends  along  the 
west  side  of  the  ridge  In  a direction  N.  8°  W. , so  it  does 
not  out  into  the  reservoir  area  or  the  Dam  Sites  Nos.  21 
and  22.  * 


RECOMMENDATIONS 


Point  Lookout  Dam  Site  Ho.  17 

From  a geological  standpoint  Dam  Site  No*  17, 
the  final  location  made  by  the  Designing  Engineer,  is 
approved,  with  the  understanding  that,  due  to  the  fact 
that  no  core  drilling  has  been  done  on  the  upstream  side 
of  this  dam  site  and,  further,  due  to  the  fact  that  the 
vest  abutment  and  part  of  tho  west  side  of  the  arc  of 
this  dam  is  located  on  the  edge  of  the  rook  slide  from 
Point  Lookout,  it  is  impossible  to  determine  accurately 
the  depth  to  solid  rock*  No  sub- surface  contours  to 
solid  rock  could  be  drawn  at  this  point  as  such  would  be 
purely  hypothetical*  It  is  estimated  that  at  least 
35  feet  of  overburden  and  weathered  rook  will  be  found 

w 

on  pare  of  the  west  side  of  the  aro  of  Dam  No*  17* 

It  is  also  estimated  from  geologloal  oondi- 

« 

tlons  that  lines  of  weathering  parallel  to  the  planes  of 
sohistosity  will  extend  down  to  an  elovatlon  of  2070  feet 
above  sea  level  at  places  on  the  west  side  of  the  aro  of 
this  dam,  so  that  grouting  should  be  done  to  at  least 
this  depth* 

Although  from  & geological  standpoint  Dam  Site 
No.  10  is  considered  best,  the  site  selected  by  ther 


* 

i. 

Designing  Engineer,  Dam  Site  No.  17,  is  approved  from  a 
geological  standpoint  with  the  understanding  that  consid- 
erable grouting  vlll  have  to  he  done  and  that  considerable 
overburden  vlll  be  found  on  part  of  the  vest  arc  of  this 
dam  site. 


Either  Dam  Site  Ho.  21  or  22  la  approved  from 
a geological  standpoint  vlth  the  understanding  that  the 
provisions  which  are  outlined  below  will  be  followed  by 
the  Engineers. 

After  the  dam  is  built  at  or  approximately  at 
location  Ho.  21  or  22  and  after  the  leakage  which  will 
occur  between  the  east  abutment  and  Drill  Hole  Ho.  302,  a 
distance  of  approximately  240  feet,  has  been  taken  care 
of  by  proper  engineering  praotlcetlt  is  recommended  that 
the  reservoir  be  filled  so  that  it  oan  be  determined  just 
where  any  minor  leakage  may  occur  through  the  remainder 
of  the  ridge  on  the  east  side  of  the  dam  back  of  Drill 
Hole  Ho*  302,  and  when  the  location  of  suoh  leakage  is 
determined  that  the  water  level  of  the  reservoir  be  low- 
ered and  that  this  leakage  be  stopped  by  grouting  that 
part  of  the  ridge  where  the  leakage  ooourred.  Data 
obtained  through  the  summer  and  early  fall  of  1936  on  the 


1 


A 


water  table  on  this  ridge  shows  thut  this  wnter  teble  Is 
practically  at  th«  elevation  of  the  top  of  the  proposed 
reservoir  level  or  above  It  throughout  the  remainder  or 
the  ridge,  if  the  reservoir  level  Is  at  2332  feet  above 
sea  level*  At  Drill  Hole  lto*  307  the  water  table  was 
below  the  proposed  reservoir  level  during  the  latter  part 
of  August,  and  the  months  of  September  and  Ootober* 
Leakage  can,  therefore,  be  expected  through  the  ridge  at 
thla  point,  which  leakage  oon  be  otopped  In  the  manner 
suggested  above* 

Although  from  a geological  standpoint  it  is 
considered  that  the  elte  between  800  and  230  feet  down* 
stream  from  sites  Hoe*  81  and  22  la  beat,  the  sites 
selected  by  the  Designing  Engineer,  that  is  Sites  Hoe* 

21  and  22,  ore  approved  from  a geological  atnndoolnt 
provided  the  recommendations  made  above  are  followed* 

iiespeotfully  submitted, 

Wilbur  A*  Nelson, 

Consulting  Geologist* 


January,  1937* 


APPENDIX  V 


UNDERWATER  INSPECTION  REPORT 


LOGAN  DIVING,  INC. 

5731  ST.  AUGUSTINE.  ROAD  - CODE  904  731-0000 
JACKSONVILLE.  FLORIDA  32207 


UNDERWATER  INSPECTION 
TALBOTT  ^ TOWNES  DAMS 
FOR 

CITY  OF  DANVILLE,  VA. 
APRIL  455,  1978 


An  underwater  inspection  of  the  Talbott  and  Townes  Dams,  also 
known  as  the  Pinnacles  Hydro-Electric  Development,  was  requested 
and  performed  as  part  of  a periodic  general  preventive  maintenance 
program  instituted  by  the  Danville  Electric  Department. 

'Hie  work  was  coordinated  by  Messrs.  Eldred  C.  Yerks , H.  E.  Cole, 
and  Clyne  Willis  of  the  Danville  Electric  Department.  Their  efforts 
included  scheduling  of  personnel  and  materials  to  effect  repairs 
anticipated  to  a 6"  by-pass  valve  at  the  Talbott  Dam  and  replacement 
of  a lifting  cable  for  the  trash  rack  at  Townes  Dam;  provide  personnel 
to  operate  various  valves  and  winches  at  both  dams;  coordinate  water 
flow  outages;  provide  safety  liaison  with  Logan  Diving,  Inc.;  and 
general  coordination  of  the  overall  project. 

Logan  Diving,  Inc.  was  represented  by  Jack  S.  Mixer,  John  Redon 
and  Thomas  E.  Thurston.  Their  responsibilities  were  to  inspect  the 
upstream  intake  structures  and  appurtenances  and  downstream  dam  toes 
and  footings. 


The  following  procedure  was  followed  at  both  dams  prior  to 
commencement  of  diving  operations: 

1. )  Conference  with  the  Danville  project  coordinators 

to  detail  inspection  procedure,  safety  measures 
and  exchange  of  other  information. 

2. )  Physical  operation  of  all  gates  and  valves  by 

Danville  personnel  in  the  presence  of  Logan 
representative  to  assure  their  good  operation  and 
to  determine  the  extent  of  any  leakage. 

3. )  Inspection  of  the  downstream  side  of  the  dam  by 

Logan  for  undermining,  spalling  concrete,  leakage 
and  other  deleterious  conditions. 

4. )  Groundline  soundings  and  measurements  by  Logan  on 

the  upstream  side  of  the  dams  in  the  vicinity  of 
the  intake. 

5. )  Set  up  and  testing  of  diving  equipment  before  each 

dive  and  after  all  flow  valves  had  been  closed. 


TALBOTT  DAM 


( 


DOWNSTREAM  AREAS  INSPECTED 


Footing,  stilling  basin,  drain  holes  in  stilling  basin  wall, 
construction  joints,  discharge  pipes,  concrete  deterioration. 

DOWNSTREAM  FINDINGS 


A. )  Two  stilling  basin  wall  drain  holes  were  clogged  with  gravel 

and  debris.  Both  drains  were  opened  during  the  inspection. 

B. )  Two  of  the  6"  discharge  pipes  had  blockages  which  prevented 

totally  free  water  flow.  These  blockages  were  not  removed 
thougli  minor  attempts  were  made.  This  problem  was  not  deemed 
significant  enough  to  warrant  extensive  effort  for  removal 
and  has  existed  for  many  years. 

UPSTREAM  AREAS  INSPECTION 


V 


Gate  guides,  gate  cable,  groundline  build-up  concrete  deterioration, 
trashrack,  trashrack  guides  and  supports. 


\ 
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UPSTRFAM  FINDINGS 

In  all  regards  the  upstream  portion  was  found  to  be  in  good 
condition  with  the  one  exception  of  extensive  groundline  build-up 
( in  front  of  the  trash  rack  which  is  restricting  water  flow  and 

placing  pressure  against  the  trash  rack  when  the  gate  is  open. 

(See  drawing  for  details) 

The  groundline  materials  are  a composite  of  silt,  trash, 
sticks  and  tree  stumps  accumulated  since  the  time  of  construction. 

At  the  conclusion  of  the  inspection,  the  gate  was  opened 
and  the  cable  clearlv  marked  to  indicate  the  onen  nosition. 


TOWNES  DAM 


DOWNSTREAM  AREAS  INSPECTED 


Footing,  spillway  apron  footing  for  undermining,  construction 
joints,  concrete  deterioration  and  general  condition. 

DOWNSTREAM  FINDINGS 

No  defects  were  found. 


UPSTREAM  AREAS  INSPECTED 

Trash  rack  guides,  trash  rack,  groundline  build-up  concrete 
deterioration.  Specific  attention  was  given  to  the  deteriorated 
and  broken  lifting  cable,  single  wheel  block  and  trash  rack  lifting 
eye. 


UPSTREAM  FINDINGS 

No  significant  defects  were  found  with  the  single  exception  of 
the  broken  lifting  cable  and  corroded  block. 

Divers  removed  the  old  block  and  cable  find  attached  the  new  block 
and  cable  furnished  by  Danville. 

The  new  block  was  placed  through  the  trash  rack  lifting  eye  and 
wired  in  position  with  approximate  No.  9 copper  wire. 

Tension  on  the  new  stainless  steel  was  pulled  to  remove  all  slack 
and  the  cable  clearly  marked  in  the  closed  trash  rack  position  at  the 
operating  floor  with  red  paint. 
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Rust  blisters  were  observed  on  the  trash  rack  guides  which 
poses  no  structural  problem  at  this  time.  However,  diver  should 
scrape  and  clean  the  guides  before  lifting  of  the  trash  rack  to 
prevent  any  binding  of  the  rack  in  the  guides,  (see  drawing  for 
groundline  details) 
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RECCMMENDATIONS  FOR  TALBOTT  DAM 


The  most  significant  problem  is  the  heavy  amount  of  silt  and 
debris  accumulated  against  the  trash  racks.  Although  this  condition 
presents  no  imminent  danger  because  of  the  structures  good  condition, 
it  does  restrict  water  flow  and  place  undue  stress  on  the  trash  racks 
supports. 

Should  this  groundline  build-up  cause  the  trash  rack  to  fail, 
the  corrective  cost,  possible  long  term  outage,  and  associated  problems 
would  be  excessive. 

We  strongly  recommend  excavation  of  the  groundline  in  front  of  the 
trash  rack  to  allow  full  flow  of  water  through  the  trash  rack. 

Tli is  work  would  require  careful  coordination  with  plant  operations, 
careful  excavation  to  avoid  snagging  the  trasli  rack  or  structure  which 
could  cause  damage  and  divers  to  monitor  the  work. 

Our  firm  is  designing  a procedure  and  quotation  for  performance  of 
this  work. 

Although  the  two  clogged  discharge  pipes  are  not  a serious  problem 
at  this  time,  they  should  be  checked  periodically  (semi-annual)  to  see 
if  additional  pipes  become  closed  which  would  warrant  the  cost  of 
correction. 

We  also  recommend  semi-annual  opening  and  closing  of  the  head  gate 
and  downstream  valves  to  assure  their  continued  functions. 
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RECQMMENDAT  ION'S  FOR  TOWNES  DAM 


Following  replacement  of  the  trash  rack  lifting  cable,  we 
believe  the  system  to  be  in  good  condition. 

We  do  recommend  cleaning  of  the  trash  rack  guides  prior  to 
any  needs  to  raise  and  lower  the  trash  rack. 

We  also  recommend  semi-annual  operation  of  downstream  valve 
to  assure  to  continued  functions. 
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APPENDIX  VI 

CONTRACT  SPECIFICATIONS 
(SELECTED  PAGES) 
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SPECIFICATION 

for 

for 

BIG  BEND  DAK 


I.  GENERAL 

(a)  Purpose 

These  specif ications  and  accompanying  contract  documents,  in-* 
eluding  the  drawings  and  schedules  are  intended  to  oover  the  clearing 
of  the  Big  Bend  Reservoir  and  the  building  of  the  Big  Bend  Dam,  both 
of  whioh  are  a part  of  the  Pinnacles  Hydro-Electric  Project.  The  Con- 
tractor shall  do  all  of  the  work  indicated  in  these  specifications  and 
on  the  plans  and  suoh  additional  work  as  may  be  necessary  to  complete 
the  dam  and  appurtenances  in  a substantial  and  aoceptable  manner  and 
leave  the  work  in  a neat  and  finished  condition. 

(b)  Description 

The  Big  Bend  Dam  will  be  constructed  across  the  Dan  River 
about  2 miles  below  its  oonfluenoe  with  Big  Ivy  Creek.  The  dam  is  lo- 
cated about  4 miles  south  of  Meadows  of  Dan  in  Patrick  County,  Virginia. 

Meadows  of  Dan  is  16  miles  west  on  Route  58  from  Stuart,  Virginia,  the 
terminal  of  the  Danville  and  Western  Railway,  and  34  miles  east  on 
Route  58  from  Galax,  Virginia,  on  the  Norfolk  and  Western  Railway.  Both 
railroads  have  storage  tracks  and  unloading  space  which  can  be  made 
available  to  the  Contractors.  From  Meadows  of  Dan  an  improved  road 
leads  6-l/2  miles  on  an  easy  grade  to  the  site  of  the  Big  Bend  Dam. 

The  width  of  the  Dan  River  at  the  dam  site  is  about  50  feet 

and  the  depth  about  18  inches.  The  average  flow  is  approximately  85 

second  feet  and  the  estimated  maxi mum  monthly  flow  in  the  past  15  years 
has  been  about  300  second  feet,  the  flood  water  occurring  either  in  the 
Spring  or  in  the  Fall  of  the  year.  It  is  believed  that  a small  coffer 
and  flume  leading  across  the  dam  site  would  be  sufficient  to  unwater 
the  site  preliminary  to  excavating  for  the  foundation. 

The  dam  is  a massive  oonorete  arch  dam  built  in  sections,  or 
blooks  about  40  feet  long.  The  dam  is  about  140  ft.  high  and  510  ft. 
long. 


The  outlet  will  be  built  in  the  center  of  one  of  these  blocks 
and  oonsists  of  a 36"  steel  pipe  through  the  dam  controlled  by  an  elec- 
trically operated  36"  valve.  On  the  upstream  side  of  the  outlet,  a 
screen  will  be  provided.  At  the  downstream  side  of  the  outlet  a valve 
house  is  to  be  built  to  house  the  valve  and  its  operating  meohanism. 

At  the  crest  of  the  dam  a walkway  is  provided  with  stairways  at  eaoh 
abutment . 
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troes,  bushes  and  other  perishable  natter.  Trees  shall  be  out  off  not 
higher  than  18  inches  above  the  ground.  All  material  so  removed  shall 
be  piled  in  windrows  and  burned.  The  burning  shall  be  done  at  such 
time  and  in  such  manner  as  may  be  required  by  the  Engineer.  Any  avail- 
able timber  within  the  area  to  be  flooded  by  the  reservoir  may  be  cut 
and  used  by  the  Contractor  for  construction  purposes. 

(b)  Measurement  and  Pa 


Measurement  and  payment  for  reservoir  clearing  shall  be  made  on 
the  unit  prices  bid  in  the  schedule.  It  is  stipulated  and  agreed  that 
the  planineter  shall  be  considered  an  instrument  of  preolsion  adapted 
to  the  measurement  of  oloared  areas. 


VII.  EXCAVATION 

(a)  Classification 

Except  as  otherwise  provided  in  these  specifications,  all 
material  removed  from  exoavation  will  be  measured  in  excavation  only  to 
the  neat  lines  shown  on  the  drawings  or  prescribed  by  the  Engineer  and 
will  bo  classified  as  follows: 


Bock  Excavation 

All  solid  rock  in  place  which  cannot  be  removed  until  loosened  by  blast- 
ing, barring  or  wedging,  and  all  boulders  or  detaohed  pieces  of  solid 
rock  more  than  l/2  cubio  yard  in  volume.  No  material  except  boulders 
and  detached  pieces  of  solid  rock  will  be  classed  as  rock  exoavation 
which  is  not  actually  loosened  by  blasting  before  removal,  unless  blast- 
ing is  prohibited,  and  barring,  wedging  or  similar  methods  are  prescribed 
by  the  Enginoor. 

Earth  Excavation 

All  soft  overburden  not  including  disintegrated  rock  which  can 
be  removed  by  sluicing  or  with  excavating  machinery. 

No  additional  allowance  over  the  unit  prices  bid  for  excavation 
will  be  made  on  account  of  any  of  the  material  being  wet  or  frozen. 

(b)  Blasting 

Blasting  will  be  permitted  only  when  proper  precautions  are 
taken  for  the  protection  of  persons,  the  work  and  private  property  and 
any  damage  done  to  the  work  or  to  property  shall  be  repaired  by  the 
Contractor  at  the  Contractor's  expense.  Exploders  shall  in  no  oase  be 
stored,  transported  or  kept  in  the  same  place  in  which  dynamite  or  other 
explosives  are  stored,  transported  or  kept.  In  general  the  precautions 
taken  to  prevent  acoidents  shall  be  subject  to  the  approval  of  the  Rigl- 
neer,  but  the  Contractor  shall  be  liable  for  all  injuries  to,  or  death 
of  persons,  or  damage  to  property  oaused  by  blasting  or  explosives. 
Electric  blasting  machines  shall  be  usod  on  all  work. 
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(o)  Excavation  for  Foundations 

The  excavation  for  the  dam  foundations  shall  be  made  to  a suf- 
ficient depth  to  secure  foundation  on  sound  ledge  rook,  free  from  open 
seams  or  other  objectionable  features.  Unusual  precaution  shall  be  taken 
to  preserve  the  aook  outside  of  the  line  of  excavation  in  the  soundest 
possible  condition.  Blasting  may  be  done  only  to  the  extent  directed  by 
the  Engineer  with  explosives  of  such  moderate  power  and  in  such  locations 
as  will  neither  crack  nor  damage  the  rock  outside  of  the  prescribed  exca- 
vation limits.  Whenever  in  the  opinion  of  the  Engineer,  blasting  is 
likely  to  injure  the  rock  upon  or  aoross  which  oonorete  is  to  be  plaoed, 
the  use  of  explosives  shall  be  discontinued  and  the  exeavatlon  completed 
by  wedging,  barring  and  picking,  or  other  suitable  methods.  The  excava- 
tion shall  bo  roughly  shaped,  as  directed  by  the  Engineer  to  approximately 
horizontal  steps,  at  least  5 feet  high  and  separated  by  approximately 
vertical  radial  planes.  Spooial  care  shall  be  taken  in  excavating  these 
steps  to  avoid  shattering  or  damning  the  adjaoent  rook. 

(d)  Limits  of  Foundation  Excavation 

Earth  and  loose  rock  shall  be  excavated  on  the  steepest  practical 
slopes  with  the  following  modification.  Where  soft  overburden  is  en- 
countered tho  slopes  shall  not  be  less  than  1:1  and  the  toe  of  the  slopes 
shall  not  be  less  than  30"  from  the  beginning  of  the  rock  cut.  Where 
rock  is  encountered  the  slopes  shall  not  be  less  than  l/4:l.  Solid  rook 
shall  be  excavated  as  olose  as  practical  to  tho  neat  lines  of  the  struo- 
ture,  except  for  the  protection  of  tho  upstream  face  of  the  dam  the  min- 
imum excavation  shall  consist  of  a 6 ft.  ledge  along  tho  entire  faoe 
of  the  dam. 

The  drawings  refer  to,  and  show  "sound  rock"  contours  and  eleva- 
tions determined  from  diamond  drill  core  borings.  These  contours  and 
elevations  were  used  in  the  design  of  the  dam.  The  actual  sound  rock 
elevation  will  be  determined  by  the  Engineer  after  an  inspection  of 
excavation.  If  the  approved  sound  rook  elevation  so  determined  differs 
more  than  5 ft.  from  the  sound  rock  elevation  and  contours  shown  on  the 
contract  drawings  it  may  be  neoessary  to  redesign  the  dam.  The  Contractor 
shall  have  no  right  for  claims  due  to  delay  that  may  be  necessary  to  make 
changes  in  the  design. 

(e)  Disposal  of  Materials 

At  the  upstream  face  of  the  dam  no  exoavated  material  shall  be 
disposed  of  in  a distance  of  500  ft.  and  the  trench  along  the  upstream 
faoe  shall  not  be  baokfilled  except  as  noted.  At  the  downstream  side 
of  the  dam  backfill  shall  be  provided  and  grading  shall  be  done  in  accord- 
ance with  the  drawings. 

Excavated  material  not  used  for  backfill  shall  be  disposed  of 
in  a manner  and  at  locations  approved  by  the  Engineer.  All  spoil  banks 
shall  be  locatod  where  they  will  not  interfere  with  the  natural  flow  of 
the  river  or  with  the  discharge  from  the  spillway.  Spoil  banks  shall  be 
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located  where  they  will  not  detraot  from  the  appearance  of  the  struc- 
ture or  interfere  with  the  accessibility  of  the  structure  for  operation. 
Spoil  banks  shall  be  leveled  and  trimmed  to  reasonably  regular  lines  and 
the  Contractor  shall  not  be  entitled  to  any  additional  compensation  on 
account  of  such  refinement.  All  oombustible  material  suoh  as  trees,  logs, 
brush  or  roots  required  to  be  removed  from  the  excavation  for  the  dam 
or  other  works,  or  from  the  sites  of  the  spoil  banks  or  otherwise  shall 
be  piled  and  burned  under  the  direction  of  the  Engineer.  The  cost  of 
disposing  of  all  exoavated  material  that  is  wasted  and  all  other  work 
desoribed  in  this  paragraph  shall  be  included  in  the  prioe  bid  in  the 
schedule  for  exoavation. 

In  general  the  manner  of  disposing  of  materials  is  indicated 
on  drawing  1257-707,  which  shows  two  spoil  banks  on  either  side  of  the 
river  extending  from  the  downstream  faoe  of  the  dam  a distance  of  approx- 
imately 550  ft.  downstream. 

The  top  of  these  spoil  banks  is  at  elevation  2450.  and  the  toes 
of  the  banks  are  40  ft.  apart  on  either  side  of  the  river,  leaving  a 
straight  ohannel  for  water  passing  over  the  spillway. 

(f)  Measurement  and  Payment 

Measurement  and  payment  will  be  made  to  the  prescribed  neat 
lines  of  the  excavation  and  at  the  unit  prices  bid  in  the  schedule.  Back- 
fill will  be  measured  for  payment  in  plaoe  and  paid  for  at  the  prioe 
bid  in  the  sohedule.  Any  exoavation  outsido  of  the  limits  prescribed 
which  is  required  to  bo  backflllod  shall  be  done  by  and  at  the  expense 
of  the  Contractor. 


VIII.  FOUNDATION  PREPARATION 

(a)  Description 

After  the  sound  rook  elevation  has  been  determined  and  the  min- 
imum exoavation  required  on  the  upstream  faoe  of  tho  dam  has  been  eom- 
ploted  the  base  rock  shall  be  prepared  for  the  building  of  the  dam. 

Tho  surfaoo  of  tho  rock  shall  be  left  rough  so  as  to  bond 
well  with  the  concrete,  and  where  necessary  shall  bo  cut  to  rough  bonches 
or  steps  as  directed  by  the  Engineer  to  secure  the  required  roughness. 
Care  must  be  taken  not  to  shatter  or  disturb  rook  foundations  unneces- 
sarily. All  loose  fragnents,  dirt  and  spalls  must  be  removed  from  the 
rook  surface  before  ooncrete  is  poured.  Wire  brooms,  hammers , picks  or 
streams  of  water,  air  or  steam  or  other  effective  means  shall  be  used 
to  olean  the  foundation. 

(b)  Grouting  Base  Rook 

The  base  rock  underneath  the  dam  shall  be  prepared  by  thorough 
cement  grouting.  The  purpose  of  this  grout  is  to  provide  a water  tight 
curtain  below  the  dam  along  its  upstream  face  and  also  to  provide  a uni- 
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fora  and  consolidated  foundation  for  the  dam.  While  the  general  scheme 
of  grouting  to  be  employed  is  shown  on  the  drawings,  the  depth  and  loca- 
tion of  borings  is  illustrative  only,  and  may  be  different  when  the 
excavation  is  made  and  the  exploration  holos  are  drilled. 

Approximately  10#  of  the  total  number  of  grout  holes  shall  be 
drilled  with  diamond  core  drills,  1-1/2"  core.  The  location  of  these 
exploration  holes  will  be  determined  by  the  Engineer,  and  the  record  of 
the  holes  and  the  cores  shall  be  kept  and  the  cores  properly  preserved. 
Each  of  the  diamond  drill  borings  shall  extend  a minimum  of  30  feet  below 
the  sound  rock  elevation  and  if  the  last  10  feet  of  the  hole  does  not 
establish  a satisfactory  rook,  the  hole  shall  be  extended  up  to  a depth 
of  50  feet. 

After  a study  of  the  cores  of  the  exploration  holes  has  been 
made,  grout  holos  shall  be  drilled  on  such  spaoing  and  to  suoh  depth 
as  the  Engineer  may  detexolne.  All  grout  holes  shall  be  drilled  with 
jack  hammers,  or  by  any  other  method,  and  shall  have  a minimum  diameter 
of  1-1/2". 

Immediately  preoeding  grouting,  each  holo  shall  be  thoroughly 
oleaned  by  lowering  a 1 inch  pipe  to  the  bottom  of  tho  hole  and  pumping 
water  through  the  pipe  until  a uniform  flow  of  dean  water  is  returned 
from  the  hole.  After  suoh  flow  is  established  tho  pumping  of  water  shall 
be  continued  at  least  15  minutes,  at  the  end  of  which  time  the  hole  shall 
be  dried  with  oompressed  air,  the  pipe  carefully  removed  and  the  hole 
filled  with  grout,  plugged,  and  connected  to  the  grout  pump  which  shall 
be  kept  pumping  until  a pressure  of  100) r per  square  inch  is  established. 
The  pressure  shall  be  maintained  at  100£  until  the  hole  refuses  to  take 
additional  grout  and  for  15  minutes  longer.  If  this  cannot  be  accom- 
plished, additional  holes  shall  be  drilled  in  the  vicinity  of  the  un- 
satisfactory hole  and  all  shall  be  grouted  in  the  same  manner. 

Holes  shall  be  drilled  and  grouted  in  the  sequence  shown  on  the 
drawings.  A complete  record  shall  be  kept  of  the  time  each  hole  was 
drilled,  washed  and  grouted,  and  also  the  amount  of  grout  admitted  during 
each  10  minute  interval  shall  be  reoorded. 

Grout  for  the  base  rock  shall  be  oomposed  of  cement  and  water, 
or  cement,  sand  and  water  in  proportions  to  be  determined  by  the  Engineer, 
Sand  shall  be  clean  and  of  such  fineness  that  100#  will  pass  a screen 
with  64  openings  per  square  inch  and  50#  will  pass  a screen  with  1600 
openings  per  square  inch.  Tho  apparatus  for  mixing  and  plaoing  the  grout 
shall  be  of  a type  approved  by  the  Engineer  and  oapable  of  mixing  and 
stirring  the  grout  and  foroing  it  continually  into  holes  at  any  desired 
pressure  up  to  100  lbs.  per  square  inch.  If  during  the  grouting  of  any 
grout  hole,  grout  is  found  to  flow  from  adjacent  holes  in  sufficient 
quantity  to  seriously  interfere  with  the  grouting  operation,  or  to  oause 
loss  of  grout  suoh  holes  shall  be  temporarily  capped.  Where  suoh  oapplng 
is  not  essential  ungrouted  holes  shall  be  left  open  to  faoilitate  the 
esoape  of  air  and  water  as  the  grout  is  forced  in. 
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Grouting  of  the  base  will  be  paid  for  at  the  unit  price 
bid  in  the  schedule  and  include  the  cost  of  labor,  material, 

plant  and  operations  incident  to  the  grouting,  materials  for  grout 
will'  bo  measured  dry  as  they  are  placed  in  the  grouting  machine  and 
payment  will  be  made  for  each  batch  or  fractional  batch  actually 
forced  into  the  holes.  No  payment  will  be  made  for  grout  lost  or 
rejected. 

After  the  dam  is  poured  holes  shall  be  drilled  approximately 
10  ft.  on  centers  along  the  upstream  face  so  as  to  intersect  the  joints 
for  the  concrete  and  the  rock  at  the  base  and  at  the  vertical  faces  of 
the  steps,  and  penetrate  the  rock  at  least  3 ft.  These  holes  shall  also 
be  grouted  under  100  lbs.  of  pressure. 

IX.  CONCRETE 


(a)  Description 

Since  there  will  be  about  30,000  cubic  yards  in  the  dam  and 
related  structures,  the  cost  of  the  concrete  aggregate  is/very  consid- 
erable factor  in  the  total" cost  of  the  Job.  The  Field  Engineer  for  the 
City  of  Danville  has  made  a complete  survey  of  the  sources  of  aggregate 
in  the  vicinity  of  the  work.  The  results  of  this  survey  and  of  the 
tests  of  concrete  made  from  these  materials  is  available  in  a report  on 
file  in  the  Field  Office  of  the  Project  at  meadows  of  Dan,  Va. 

The  more  important  acceptable)  sources  of  both  coarse  and 
fine  aggregate  which  are  available  in  sufficient  quantities  in  the 
vicinity  of  the  work  are  summarized  as  follows: 

Coarse  Aggregate 

1.  Quarry  site  explored  by  diamond  drill  boring  and  under 
option  to  the  City  of  Danville,  located  on  Route  58, 

9 miles  west  of  Cruise's  Store,  meadows  of  Dan.  Over- 
burden about  30  feet.  Both  fine  and  corase  aggregate 
can  be  made  from  this  granite.  Haul  16  miles  to  the 
dam  site. 

2.  Dolomite  from  the  Radford  Limestone  Compaxy,  Radford,  Va. , 
shipped  to  Galax,  <mri  hauled  40  miles  to  the  dam  site. 

Fine  aggregate 

1.  Crushed  granite  from  Quarry  Site  on  Route  58,  14  miles 
haul  to  dam  sito. 

2.  Crushed  dolomite  from  Radford  Quarry,  delivered  at  site. 

3.  Petersburg  Sand  shipped  to  Stuart;  haul  22  miles. 

4.  Suitable  fine  aggregate  can  be  made  by  crushing  white 
flint  stone  scattered  over  the  fields  in  the  vicinity  of 
the  work. 

The  Contractor,  in  his  bid,  shall  state  the  source  of  both 
fine  and  coarse  aggregate  upon  which  his  bid  price  on  concrete  is  based. 


Appended  to  these  specifications  ic  a general  specification  for 
concrete  defining  the  minimum  quantities  of  cement  to  be  used  for  the  two 
classes  of  concrete.  The  "concrete"  specifications  are  however,  subject 
to  such  modification  of  the  proportions  of  sand  and  stone  but  not  of  cement 
as  will  produce  the  most  economical  concrete  possible,  having  an  ultimate 
strength  at  the  age  of  28  days  of  not  less  than  3000#  per  aq.  in.  for 
Class  "A"  concrete  and  not  less  than  2000ff  for  Class  "B"  concrete.  The 
exact  proportions  to  bo  used  for  the  different  parts  of  the  work  will  be 
determined  by  the  Field  Engineer  after  analysis  and  tests  have  been  made 
of  accepted  aggregates  furnished  by  the  Contractor.  The  Field  Engineer 
shall  at  frequent  intervals  make  such  additional  tests  and  analysis  of 
concrete  materials  and  the  resulting  concrete  and  such  changes  in  the 
proportions  as  may  be  necessary  to  secure  the  required  economy,  and  the 
Contractor  shall  be  entitled  to  no  additional  compensation  because  of 
such  changes. 

(b)  03e  of  Vibrator 

In  addition  to  the  strength  requirement  it  is  essential  that  the 
concrete  be  uniformly  dense  and  free  from  segregation  and  honeycomb.  Only 
sufficient  water  shall  be  used  to  secure  suitable  workability  as  determined 
by  the  Engineer  to  flow  properly  into  place  with  thorough  spading  or  work- 
ing. In  general,  a consistency  corresponding  to  a slump,  rot  greater  than 
3"  shall  be  used  for  Class  "A"  concrete  and  not  greater  than  6"  for  Class 
"B"  concrete.  If  it  appears  after  test  that  the  concrete  materials  are 
such  that  dense  concrete  cannot  be  formed  without  the  aid  of  vibrators, 
the  specified  slump  shall  be  reduced  so  that  when  vibrated  a minimum  flow 
will  se  secured.  If  vibrators  are  used,  they  shall  be  of  the  mechanical 
type  approved  by  the  Engineer  and  shall  have  a frequency  of  not  less  than 
6000  RPU  under  load,  with  an  effective  vibrating  radius  such  that  insertions 
are  required  not  leas  than  12  " apart • 

All  concrete  to  be  vibrated  shall  be  left  for  a "•*  n*  period  of 

IS  minutes  before  vibrating  is  commenced.  The  concrete  also  be  placed 

continuously  and  in  such  areas  and  in  such  layers  of  thickness  as  may  be 
determined  by  the  Ehglneer.  When  sufficient  time  has  elapsed  to  allow 
vibrating  to  begin,  the  operator  shall  be  instructed  in  the  use  of  the 
vibrator,  winch  method  shall  be  maintained  at  all  times.  Vibrating  ah/il l 
be  applied  only  inside  the  concrete  batch  and  whni i not  come  in  contact 
with  the  forms. 

(c)  glassification 

Class  "A",  SC XXV  concreto  shall  be  used  in  the  apron  and  the 
body  of  the  dam  up  to  elevation  2538.5.  Class  "B",  2000#  concrete  «hail  be 
used  for  the  stairways  and  intake  structure  and  valve  house  «nd  the  parapet 
and  walkway  above  elevation  2540.5,  and  instrument  pier. 

(d)  Forms 

It  is  suggested  that  the  Contractor  uso  panel  forms  for  the  main 
body  of  the  dam  with  suitable  devices  to  hold  adjacent  ends  und  edges 
of  panels  tight  and  in  accurate  alignment.  All  forms  ah«n  be 
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(e)  Measurement  and  Payment 

Concrete  in  the  main  dam  and  apron  will  be  measured  by  the  cubic 
yards  actually  placed  and  paid  for  at  the  unit  prioe  bid  in  the  schedule 
for  Class  A concrete,  which  price  shall  include  all  labor  and  all  mater- 
ial excepting  roinforoemont, 

Concroto  in  parapets  and  stairway  will  be  measured  by  the  cubic 
yards  actually  placed  and  paid  for  at  the  unit  price  bid  in  the  schedule 
for  Class  5 conoroto,  which  price  shall  include  all  material  and  all 
labor  exoopting  roinf orcoment • 

The  valve  house  and  intako  structure  will  be  paid  for  at  the 
lump  sum  price  bid  in  the  sohodule  for  thoso  items. 

(f)  Vertical  Construction  Joints 

Each  vertical  construction  joint  shall  be  provided  with  key- 
ways , grout  stops,  grouting  slots,  and  grouting  pipes  as  shown  on  the 
drawings.  The  grouting  slots  are  provided  in  the  concrete  block  in 
which  the  concrete  is  plaoed  first,  by  nailing  a wooden  strip  to  the 
forms  and  providing  pipe  connections  and  nails  as  shown.  After  the 
forms  are  stripped,  the  grouting  slot  is  protected  by  a sheet  iron  cover 
fastened  bending  the  nails  as  shown  on  the  drawings.  When  the  concrete 
is  placed  in  the  adjoining  blooks  the  grouting  slots  are  to  be  kept  olean 
by  blowing  oompressed  air  through  them,  connecting  the  compressed  air 
supply  individually  to  each  grout  pipe  at  the  bottom  of  the  block.  After 
the  dam  is  finished,  the  grout  pipes  at  the  bottom  of  the  different 
blocks  are  connected  by  a header  immediately  preceding  the  grouting. 

(g)  Grouting  Construction  Joints 

The  grouting  of  the  joints  is  to  be  done  by  the  use  of  two 
grouting  pumps.  The  grouting  shall  be  dono  at  two  symetrically  located 
vertical  joints,  starting  with  the  two  joints  at  the  extreme  ends  of  the 
dam  and  moving  toward  the  center,  always  grouting  two  symetrically  lo- 
cated joints  simultaneously.  After  the  installation  of  the  pumps  at 
two  joints,  water  should  be  pumped  through  the  grout  pipes  until  all 
air  is  removed  and  a uniform  flow  of  water  established  through  the  out- 
going pipe,  after  which  the  water  should  be  pumped  through  the  joint  for 
at  least  one  hour.  After  water  has  been  pumped  through  the  joint  for 
one  hour,  without  stopping  the  pump  and  without  interrupting  the  flow, 
grout  should  be  gradually  admitted  in  the  pump  and  the  pumping  oontinued 
until  a uniform  flow  of  grout  will  be  established  through  the  outlet 
pipe.  Then  the  outlet  pipe  should  be  plugged  by  use  of  a vent  provided 
on  this  pipe,  the  pump  working  continuously,  increasing  the  pressure  in 
the  grouting  system  until  the  spooifiod  pressure  of  100  lbs.  per  sq.  in. 
is  obtained.  The  pump  should  be  kept  pumping  under  this  pressure  until 
the  joint  refuses  to  admit  any  grout  and  one  half  hour  afterwards. 

If,  during  the  grouting  operation  the  prossuro  cannot  bo  built 
up,  duo  to  loakage,  the  whole  prooedure  should  bo  rovorsod,  water  being 
admitted  in  the  grouting  pipes  and  pumpod  until  all  grout  is  washed 
out.  Afterwards  the  leak  must  be  found  and  stopped  and  the  whole  grout- 
ing prooedure  repeated  until  the  joint  is  satisfactorily  grouted  under 
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the  whole  specified  pressure  of  100  lbs.  per  sq.  in. 

Grout  for  vertical  construction  joints  shall  be  composed  of 
cement  and  water  in  proportions  to  be  determined  by  the  Engineer.  Grout- 
ing will  be  paid  for  at  the  unit  price  bid  in  the  schedule  and  shall 
inolude  all  labor,  material,  plant  and  incidentals  necessary  to  the 
operation,  including  metal  grout  stops  and  plates  over  V slots.  Measure- 
ment of  dry  materials  will  be  made  at  the  grouting  pump  and  payment 
will  be  made  for  eaoh  full  batch  or  fractional  batch  actually  forced 
into  the  vertical  construction  joints.  No  payment  will  be  made  for 
lost,  wasted  or  rejected  grout. 


XI.  STRUCTURAL  STEEL 

(a)  Description 

The  prinoipal  structural  steel  items  are  the  trash  rack,  its 
guides  and  supports  and  the  stop  log  slot  at  the  upstream  faoe  of  the 
dam;  tho  ladder,  pipe  railing  and  miscellaneous  items  in  the  valve  house. 

(b)  Materials  and  Workmanship 

All  structural  steel  shall  oonform  to  tho  latest  speoifioation 
of  the  American  Sooioty  for  Testing  Materials  for  struotural  stool  for 
buildings.  Insofar  as  applicable,  the  design,  fabrication,  and  erection 
shall  be  in  accordance  with  the  standard  specifications  of  the  American 
Society  of  Steel  Construction  for  structural  steel  for  buildings.  All 
workmanship  shall  be  equal  to  the  best  practice  in  the  modern  structural 
shops.  The  several  pieoes  forming  built  up  sections  shall  be  straight 
and  fit  olosely  together  and  the  finished  members  shall  be  free  from 
twists,  bends  or  open  joints.  At  the  option  of  the  Contractor  shop  con- 
nections shall  be  electric  welded. 

• 

(c)  Drawings 

The  Contractor  shall  submit  3 sets  of  shop  drawings  to  the  Engi- 
neers for  approval  before  proceeding  with  the  work. 

(d)  Erection 

The  steel  work  in  general  shall  be  knocked  down  in  pieoes  not 
over  25  feet  long.  All  struotural  stool  work  shall  be  accurately  sot 
and  properly  seoured  in  plaoo.  All  field  connections  will  be  riveted 
as  promptly  as  possible  as  the  erection  progresses. 

(e)  Anchor  Bolts  and  Anolio rages 

Anchor  bolts  and  anohorages  shall  be  built  into  the  connected 
work  in  advance.  Particular  care  shall  be  taken  to  see  that  the  align- 
ment of  the  trash  rack  guides  will  permit  of  raising  and  lowering  the 
trash  rack  without  binding. 
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(c)  Conveying 

Concrete  shall  be  conveyed  from  mixer  forms  as  rapidly  as  practicable 
by  methods  which  will  prevent  segregation  or  loss  of  ingredients.  It  shall 
be  deposited  as  nearly  as  practicable  in  its  final  position.  Chutes  used 
«hnn  be  such  tliat  the  concrete  slides  in  them  and  does  not  flow.  Chutes 
with  a flatter  slope  than  1 on  2 will  not  be  permitted.  There  shall  be  no 
free  vertical  drop  greater  than  5 feet. 

(d)  Placing  Concrete  on  Rocic  Foundation. 

Rock  surfaces  shall  be  approximately  horizontal  or  stepped,  rough 
and  free  from  loose  material  or  other  matter  interfering  with  satisfactory 
bond.  The  rock  shall  be.  washed  and  scrubbed  with  steel  brushes  or  brooms 
and  covered  with  a layer  of  cement  mortar  about  one-half  (1/2)  inch  thick 
immediately  ahead  of  the  placing  of  the  base  course  of  concrete.  The  mortar 
shall  be  of  the  sane  sand-cement  ratio  as  that  U3ed  in  the  concrete.  Rock 
dowel  bars  shall  bo  grouted  into  place  and  left  undisturbed  for  a period 
of  at  least  seventy-two  (72)  hours  in  advance  of  placing  concrete. 

(e)  Seepage  Water. 

Adequate  moasures  shall  be  taken  by  the  Contractor  to  control  the 
ground  water  table  to  an  elevation  sufficiently  below  the  base  of  the  structure 
footings  to  prevent  - First:  The  contact  of  seepage  water  with  the  green 
concrete  as  it  is  being  placed,  and  Second:  the  formation  of  uplift  pressure 
against  the  newly  placed  concrete  before  full  set  has  taken  place.  When  and 
if  the  conditions  envisaged  in  tn' s paragraph  are  encountered  on  the  work, 
the  seepage  water  control  measures  taken  and  the  condition  of  the  footing 
base  shall  have  the  approval  of  the  Engineer  before  any  base  course  concrete 
is  placed. 

(f)  Condition  of  Concrete. 

All  concrete  shall  be  placed  before  initial  set  has  occured,  and  in  - - 
no  event  after  it  has  contained  its  water  content  for  more  then  thirty  (30) 
minutes.  Concrete  rejected  on  account  of  the  foregoing  stipulation  shall  not 
be  used  as  "plums"  or  broken  up  for  use  as  aggregate  in  subsequent  mixes. 

Unless  otherwise  specified,  all  concrete  shall  be  placed  in  the  dry  upon 
clean,  damp  surfaces,  free  from  excess  water,  and  never  upon  soft  mud,  dry 
porous  earth,  or  frozen  earth,  or  upon  filled-in  material  that  has  not  been 
subjected  to  approved  puddling  and/or  tamping  so  that  ultimate  settlement 
has  occurred. 

(g)  Courses.  Lifts,  and  Sections  for  Pouring. 

Concrete  throughout  the  entire  structure  shall  be  poured  in  horizontal 
lifts  and  3octions,  and  construction  Joints  shall  be  placed  at  the  elevations 
shown  on  the  plans  or  as  otherwise  approved  and/or  directed  by  the  Engineer. 
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(h)  Working  Concrete  in  Forms. 

The  concrete  shall  be  compacted  and  worked  in  an  approved  manner 
into  all  corners  and  angles  of  the  forms  and  around  reinforcement  and 
embedded  fixtures.  Where  required  by  the  Engineer,  special  pneumatic 
or  electric  vibrating  or  tamping  devices  shall  be  used.  Care  shall  be 
taken  in  dropping  concrete  through  reinforcement  so  that  no  segregation 
of  the  coarse  aggregate  occurs.  On  flat  surfaces  where  the  congestion 
of  steel  near  the  forms  makes  placing  difficult,  a mortar  of  the  same 
cement-sand  ratio  as  is  used  in  the  concrete  shall  be  first  deposited 
to  cover  the  forms.  All  top  surfaces  shall  be  carried  slightly  above 
the  forms  and  struck  off  by  board  finish  when  the  water  settlement  has 
taken  place.  Care  shall  be  taken  to  see  that  all  excess  water  is  forced  ~ 

out  and  removed  in  making  this  finish. 

(i)  Construction  Joint  Details. 

Vertical  Joints  shall  be  formed  with  tongue-and-groove  keys 
and  dowel  bars  as  shown  on  the  plans  or  as  directed  by  the  Engineer. 
Horizontal  joints  shall  be  formed  with  keys;  or  where  horizontal 
pressure  is  always  in  one  direction,  with  steps.  Dowel  bars  shall  be 
placed  as  shown  on  plans  and  where  directed  by  the  Engineer  in  the 
various  coursos  at  construction  joint  levels.  These  bars  shall  be  placed 
in  the  concrete  before  the  concrete  take3  its  initial  sot  and  shall 
not  be  bent,  lined,  or  disturbed  until  the  concrete  has  thoroughly  set 
up.  All  concrete  in  an  underlying  course  shall  have  been  in  place  not 
less  than  8 hours  before  concrete  in  upper  course  resting  thereon  is  placed. 
Before  placing  is  resumed  all  excess  water  and  laitance  shall  be  removed 
and  the  concrete  shall  be  cut  away,  where  necessary,  to  insure  a strong 
dense  concrete  at  the  joint.  Where  necessary  to  secure  adequate  bond, 
the  surface  of  existing  concrete  shall  be  cleaned  and  roughened  and  then 
shall  be  spread  with  a 1/2  inch  layer  of  mortar  of  the  same  cement-sand  ratio 
as  used  in  the  concrete  immediately  before  the  new  concrete  is  deposited. 

(J)  Cold  Weather. 

Concrete  shall  not  be  placed  when  oithor  the  ambiont  atmospheric 
temperature  i3  beloo  35  degrees  F.,  or  if  in  the  opinion  of  the  Engineer 
the  concrete  is  likely  to  be  subjected  to  frooxing  temperature  before  final 
set  has  occurred,  unless  specifically  authorized.  Khan  so  authorized, 
the  materials  shall  be  heated  so  that  the  temperature  of  the  concrete  when 
deposited  shall  be  not  loss  than  50  degrees  F.,  nor  more  than  100  degrees  F. 
Salt  or  other  chemicals  shall  not  be  admitted  into  the  mixture  to  prevent 
freezing. 


Cement  Grout 

Cement  grout  used  for  filling  rock  te&t  holes,  rock  dowel  holes 
and  anchor  bolt  holes  shall  consist  of  one  part  cement  and  one  part  sand 
with  only  sufficient  water  added  to  make  a tnick  workable  mortar. 
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